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l.V 
'.I\4enty-tw:> male patients £ran 12-14 years of age were selected 
prior to active ort:l'xxx>ntic therapy at ~ston University Sclxx>l of Graduate 
Isltistxy's Departmant of Ort:l'xxlontics. These patients were projected 
to undergo full-banded orthxlontic treatnent. 
The objective of this investigation was designed as a long tenn project 
to docurcent the quantitative and qualitative changes occurring in the 
periodontil.lll during and following orthxlontic therapy. 
The pa~ents were examined for the first 9 nonth pericx:1 by 
Dr. Stuart Sears and Dr. Sergio Tejedor-I.eon. 
Relocation of b«> families reduced the number of patients to twenty 
which were examined for the second 9 nonth period by Or. Fobert E. !be 
and Or. Iobert P. Rubins. 
The autlx:>rs of this portion of the investigation examined the patients 
at eighteen, twenty-one, twenty-four and twenty-seven nonths. The 
examination included a clinical examination, pootographs and radiographs 
(at the twenty-seven nonth interval only) • 
The results were recorded on a revised Data Collection Foun which 
allows efficient collection and canputerization of the data. 
By examination 10, nine of the patients had had their orthxlontic 
bands ratDVed £ran 1 to 12 nonths. 
That which follows is an abstract of the results of canparisons 
made between Exams 1 and 10 and 6 and 10. A separate canparison 
was made between the eleven patients still in orthx1ontic bands at 
EKam 10 with the sane patients at Exam 1. 
V 
The.:.e;~ fPdex ,bµely increased between Exams 1 and 10 am 6 anc1 
10; ~, patients still in bands at Exam 10 had a significant increase 
as oarpared to Exam. l. 
, 
The Inflamnation Irdex sl'rlwed a significant increase between Exams 
. 
1 and 10, ~1:-~ .dt~f~ between Exam 6 and 10 was oot significant. 
Al~h ~ .spicus depths~ a significant increase between 
Exams 1 and 10, 1~ s~~ ~ ~onlf slightly significant between 
' 
. I. l 
The ~cus ,p.epths on the mesial-facial, distal-facial, mesial-lingual 
and distal-lingual sl'rlwed a significant increase between Exams 1 and 10. 
The height of the gingiva on the bJccal an:i lingual sl'rlwed a 
significant increase between Exams 1 and 10 and 6 and 10. 
'!here was an increase in the attached gingiva on the facial and 
lingual between exams 1 and 10. lkJwever, in carparing Exams 6 and 10, 
there was oo difference found in the attached gingiva on the facial and 
only a slight change on the lingual. 
It was observed that 14.4% of the teeth denonstrated mucogingival 
problems on the facial in Exam 10. It> I11.1oogingival problens were found 
on the lingual. 
'll'lere was oo evidence of recession found in Exam 10 and clefting 
was only observed in 3% of the teeth. 
A statistical oorrelation analysis between Exam 10 and Exam 1 sa:,wed 
the following significant findings: 
a) Plaque Index vs. lingual sulcus depth 
b) Height of tissue on buooal vs. height of tissue on lingual 
c) Sulcus depth on facial vs. sulcus depth on lingual 
d) Height of tissue on lingual vs. sulcus depth on lingual 
vi 
'!here was oo correlation between plaque and inflamnation for Exams 
land 10. 
~t:geoc,graphic examination of Exam 10 sh:Jwed the following: 
a) 30.9% of the teeth had root resorption. 
b) The angulation of the interdental crestal bone was found 
oot parallel to the C&J's in 26.5% of the areas and 
indistinct in 35.4% of the areas. 
c) 8:me loss was found in 32. 9% of the areas. 
d) Rx>t proximity problems diminished to 5.4% of the areas. 
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REVIDl OF LITERA'IURE 
I • . Gingival r.t>rpl'x>logy-clinical Observations 
Orban (1948)1 described the gingiva clinically and histolCXJically 
He utilized clinical observation and pootographs of "no?lllal" gingiva. 
1 
He roted that on the alveolar pi:ocess, the gingiva is separated £ran the 
lining mucosa by a scalloped line, known as the muCXXJingival junction. 
The muoogingival junction is the anatanic division between the attached 
gingiva and the loosely attached alveolar mucosa. He descrjbed the free 
gingiva as that portion surrounding the tooth like a collar, not directly 
attached to the tooth and ranges in width £:ran O. 5 nm to 1. 5 rem. He 
described the free gingival grcx:,ve as a fine linear depression running 
parallel to the free gingival margin, ~'us serves as the denarcation of 
the free gingiva f:ran the attached gingiva. 
IAmmat (1960)2 stated "The color of healthy gingivae is variable, 
ranging fran a pale pink to a deep bluish purple". The intensity of 
nelanogenesis, the degree of keratinization, the arrangem:mt of gingival 
vascularity and the thickness of the epithelil.:11\ all detemri.ne the resulting 
color of the clinically nonnal gingivae. 
Fish (1961) 3 descril:ed the col area as a vestigal structure that 
oonsists of epithelial remnants of the enamel organs of~ adjacent teeth. 
'!his vestigal epithelial attachrent is oot an effective protective structure, 
and minimal irritation £ran any cause may result in ulceration and the 
.initiation of periodontal involvenent of the underlying structures. 
Greene (1962) 4 studied the nature of gingival stippling in health 
-
2 
and disease. He examined 300 patients ranging in age £ran 2~ to 65 years. 
He biopsied 20 patients and showed that stippling is unique for each 
person, males have nore pmnotmced stipples; that stiwling becanes 
evident around 6 years of age and increases gradually to adultlxxxl, and 
stippling tends to decrease in old age. He states that gingi va can be 
clinically normal wit.rout any evidence of stippling. 
Bowers (1963)5 studied the width of the attached gingiva on 160 
subjects with clinically nonnal gingiva. The lingual gingiva was not 
included in the study. He found the widest zone in the incisor region 
tapering to~ narrowest !X)int in the first pret0lar region, and then 
increasing !X)steriorly to the secorrl nolar region. The overall width 
of the maxillary attached gingiva is greater than that of the mandible. 
He noticed that a praninent tooth in the arch has a narrower band of 
attached facial gingiva. A tcx>th in linguo-version has a wider band of 
attached gingiva, while a tooth i:fl labia or buccoversion has a narrow 
band. High frena or muscle attachnents are generally associated with 
narrower widths of attached gingiva. The extremes in the width of 
attached gingiva range fran 1 nm to 9 nm. 
Parfitt (1964)6 made observations ·of local gingival recession in 
children aged 9 to 12 years. He examined 668 children and confined his 
examination to the four mandibular incisors. Approximately 8% of the 
cases slxMed from 2 nm to 5 nm of local gingival recession in the mandibu-
lar area. The central incisors were nore car11only involved than the 
lateral incisors. Of all the factors contributing to the etiology, the 
tooth arch relationship appeared to be the nost important factor in 
local gingival recession. 
3 
lt:>lnes (1965)7 stooied the shape of the interdental crest. He 
biopsied 16 dental st,Jdents' interdental area of normally conscting teeth. 
He found 30 of the 32 interdental papillae to be ooncave and only 2 were 
oonvex. 
AinanD and IDe (1966) 8 studied the gingival groove and the attached 
gingiva £ran the facial aspects of 92 human subjects ranging £ran 3 to 
72 years. They observed the frequency of occurence of the gingival groove 
in normal gingiva to be approximately 30%. The gingival groove is slightly 
nore prevelant in the mandibular arch; the highest incidence was recorded 
in the mandibular canine. Since it is present in less than 50% of the 
p.:>pulation, it soould not be oonsidered an indicator of the devision be~ 
the free and attached gingiva or a criterion of normal gingiva. '!heir 
findings on the width of attached gingiva agreed with l:k,wers (1963) 5 
findings. 
R:>senberg and Massler (1967)9 slDwed through plaster in"q:>ressions and 
photographs of the facial gingiva in 100 males (age 22-26 years) that 
stippling is restricted to the attached gingiva. In the mandible, the 
pattern is nore often localized, while maxillary stippling tends to be 
nore generalized. 
l<>se (1967)10 noted that the receded gingiva is usually in the 
mandibular incisor area. He noted also that the central incisor is nost 
often affected due to the fact that the mandibular anterior teeth "buckle" 
during crowding and the central incisor is squeezed labially. He states 
that the inferior labial frenum is a prime suspect in central incisor 
tissue recession. 
4 
O'I.eary et al. (1971) 11 in studying the incidence of recession 
during a 32 nDnth pericxl of 470 young males, sl'x:Jwed a steady increase 
in the incidence of recession. The increase was primarily oonfined 
to the facial surface of the maxillary posterior teeth while the maxillary 
first nDlars were the nost frequently affected. 
I.ang and IDe (1972)12 investigated the width of the facial and 
lingual keratinized gingiva to detennine lDw nuch keratinized gingiva is 
adequate for the maintenance of gingival heal th. '!hey examined 32 dental 
students between the ages of 19 and 29 years. They obsei:ved that the 
facial keratinized gingiva was widest in the area of upper and lower 
incisors and narrowest next to the maxillary and mandibular canines and 
first prenolars. The incisors sl'x:Jwed the narrowest lingual gingiva and 
the prenolars and nolars sl'x:Jwed the greatest width of lingual gingiva. 
They sl'x:Jwed that all surfaces with less than 2 nm of keratinized gingiva 
exhibited clinical inflamnation and varying anounts of gingival exudate. 
Furstman (1972)13 noted that the gingival tissues differ anatanically 
between the maxilla and the mandible due to tooth contours and that these 
variations must be oonsidered prior to fitting ortoc>dontic bands. 
~ and R:>se (1973) 14 in studying the developtent of the attached 
gingiva along the facial aspects of the maxillary and mandibular anterior 
teeth, sl'x:Jwed that the attached gingiva becc:rles wider as the child 
develops and the means range fran 1.36 nm to 3.85 nm. The results 
-
substantiate the fact that teeth in labia-version have less attached 
gingiva along their facial aspects than teeth in acceptable arch p::,sition. 
They observed that teeth in lingual version have a wider zone of attached 
5 
gingiva along their facial surface than th:>se in acceptable arch position. 
The results indicate that pennanent central incisors with muscle attaclrnents 
and/or frenum involvemnt of the attached gingiva, have a narrower zone 
of att.ached gingiva. 
II Gingival M:>rpoology-Histologic C!)servation 
Orban (1948)1 in his clinical and histologic study of the gingiva, 
denonstrated that microscopically the free gingival surface is oovered 
by stratified sguam:>us epithelium which is usually keratinized. The 
epithelial ridges are irregular and the lamina propria is fibrous, sace-
times edematous and often infiltrated with inflamnatoi:y infiltrate, even 
in clinically nonnal specirrens. The free gingival groove oorresponds to 
an epithelial ridge and is located at the level of the 1:x>ttan of the sulcus. 
Kohl and Zander (1961)15 in their study of the llDrpOOlCXJY of inter-
dental tissues using nonkeys, showed that the col area was non-keratin.ized 
and was only four cell layers thick with evidence of inflanmatory infiltrate. 
The epithelium of the buccal and lingual peaks was thick and keratinized, 
and showed little evidence of inflanmatory infiltrate. 
Schultz-Haudt and Fron, (1961) 16 in their stooy describe the various 
layers of the epithelium. They felt that the turoover rate for gingival 
epithelium is 21 days. They described the stratum granulosum as oontaining 
cells that are cacp:>sed of keratohyalin granules which are associated 
with keratin foi:mation. They also described the crevicular epitheliun, 
rete pegs are absent and keratinization is also absent. They speculated 
that because keratinization is lacking in the crevicular epithelium, that 
this is an easy target for periodontal disease. 
6 
lblmes (1965)7 sl'x7Ned in a histologic study of biopsies taken 
fran 16 dental students of nonnally oontacting teeth, that a oon-keratinized 
stratified squanoUS epithelium oovering the interdental crest existed in 
roughly 70% of the specimens. Evidence of chronic inflamnation was found 
in every specimen. 
Iozdan and Squier (1969)17 studied the histology of the mucogingival 
junction. They descrian elastic fibers in the alveolar muoosa and none 
were noted in the gingiva. The mucogingival junction was defined as that 
IX)int where a sudden marked increase of elastic fibers occurs in the coriun. 
III Clinical Observations of Soft Tissue Changes in Patients 
Undergoing Ortoocbntic '!both M:>verrent 
Stuteville (1937)18 studied the clinical and histologic examination 
of orth:>dontic tooth novement. He ooticed injuries :in the gingiva caused 
by .inproperly fitting bands, by ligatures cutting into the gingiva aoo 
by accesso:cy attachments .inpinging upon the gingiva. He emphasized nature's 
ability to heal following orthodontic therapy; lDwever, he does atphasize 
that the orth:>dontist must know when to stop lest he ''overtax the healing 
tolerance of nature". He felt that fcxxi particles lodging around the 
appliance caused irritation to the gingiva. He felt that all these 
problems oould be prevented by properly fitting appliances and bands 
as well as too:rough cleaning of the teeth after every neaJ. 
Skillen (1940)19 stated that the injury to the gingiva is nore 
uncertain and the out:cxire nore p:roblanatic, he cxmsidered such injuries 
rather serious. He felt that these injuries were caused by various reasons 
7 
and that orth:xxmtic appliances are implicated. He felt that these 
injuries were not limited t.o the gingiva but caused further destruction 
of the underlying structures. 
Skillen stated, "Considering the gingivae as the protective cap, 
as it were, of all the other investing tissues, and in view of their 
vulnerable position in the nouth, these structures, alx>ve all else, soould 
receive the nost careful oonsideration". 
Meyer (1940) 20 noticed that when a ligature was placed on a tooth, 
oo damage occurs labially and lingually, but the papilla was always damaged. 
He warns against ortlndontic appliances, such as bands, ligatures, springs 
and clasps causing such damage. He felt am agreed with Skillen (1940)1~, 
that the J;X>Cket provides the first stage of progressive chronic marginal 
periodontitis. 
Dunmat (1951) 21 nentioned that loose bands oould injure the gingiva 
and may cause excessive forces t.o injure the periodontium. He felt that 
a malaligned tooth would mt protect the gingiva £ran the traumatic 
irritations of mastication. 
Spence (1955)22 noticed an increase in the severity of clinical 
gingivitis in children undergoing ortlndontic therapy and its incidence 
and severity decreased as the child passed fran active orthodontics to 
retention. 
Ratcliff (1961) 23 noted that ort:rodontists should always curette 
around and under the free gingiva after the ratoval of bands to rerove 
necrosed tissue and food debris. He feels that this will pratote new 
epithelial and oonnective attaclment to teeth in which it was lost due 
• 
8 
to band irritation and food .impactions. 
Iver (1962)24 in a clinical study of soort duration using 12 adults, 
ooticed that a gocx1 gingival condition at the start of orthodontic treat-
nent was oonducive to a gocx1 final result. The uncxxnfort.able appliance 
and fair to pcx>r gingival condition produces poor results. 
Burket (1963)25 states that it is axianatic that bands or appliances 
that .inpinge, even to the slightest degree, on the gingiva, will result 
in irritative changes in the soft tissues. No matter l'XJW carefully the 
bands are contoured and cemented, the orthcx:lontic appliance is actually 
a foreign 1:x:>dy-and it interferes with physiologic stimulation of the 
gingival tissues and the interdental papilla. In addition, the appliance 
makes it difficult for the patient to maintain their oral hygiene level. 
Along the sane tmught, Janes and Beagrie (1963) 26 studied the 
care of the periodontal tissues after treatnent. They did not .inply that 
orthcx:1ontic treatnent caused gingivitis and periodontitis but describ:rl 
various net.hods of care to help maintain the periodontium in health during 
orth:x:lontic treatnent. 
Baer and Coccaro (1964)27 reported through their study of three 
cases, that all three had nDderate gingival hyperplasia of the anterior 
teeth during orthcx:lontic therapy. However, after one year following 
orth:x:lontic treatnent, the gingival fonn returned to normal with only 
reinforcing proper oral hygiene. 
Janoosek (1965) 28 studied 25 patients wtx:> had cx:xnpleted orthodontic 
treatnent and canpared than to a control group of non-treated patients. 
He ooted a definite change in gingival archetecture and oontour of the 
orthodontically treated individuals, especially blunting of the papilla 
am retractability of the margins in the posterior segnents. There were 
oo other significant firxlings. He also noted that tissue between the 
cuspids and second prenolars appeared excessive in all cases. 
It is of futerest that Fdwa.rds (1968) 29 placed tatoo marks on the 
gingiva of four patients that had these teeth rotated ortln:k>ntically. 
9 
He noticed that the anount of deviation between the tat.co marks ooincided 
consistently with the :rotation of the teeth. The attached gingiva, and 
to sane extent, th:! mucosa did tend to follow the direction of rotation. 
He ooncltxled that the gingiva remained attached to tre tooth during rotation 
am resulted in cµ.splacement of the gingiva in the direction of tooth 
rcoverrent. 
Schluger (1968) 30 describes the periodontal problE!llS associated with 
ortoodontic treatnent. He feels that the ortln:k>ntist soould be familar 
with the tissues before banding, observfug dehiscences and fenestrations. 
He feels that marginal irritation of the gingiva incident to band placE!lent 
should not ~cur and that plunging recession should not occur if diagnosed 
prior to ortln:k>ntics. These teeth in question should be sacrificed prior 
to ortoodontic treatnent. 
Pearson (1968) 31 in a group of 45 cases exhibiting gingival recession 
fran a survey of over 600 cases also datonstrated that significant 
gingival recession ~curred in only a small percentage of treated cases. 
He stated this because the experimental group represented the nost 
extrere recession and that no oonclusion regarding a cause and effect 
relationship between orth:xiontic treatnent am gingival recession oould 
be drawn. 
10 
Atherton and Kerr (1968) 32 following Edwards (1968) 29 placed 
India ink tatoos on the mesial and distal papilla of canines and pretolars 
prior to ortb:rlontic retraction. They used renovable reta j ners to 
accnuplish their tooth noveuent. The teeth noved away £ran the rnesial 
tatoo mark and on the distal papilla the gingival became creased and 
folded. The tatoo mark placed on the distal tended to be displaced or 
pushed distally by too tooth. There appeared a red patch on the rnesial 
surface as the tooth noved distally. It is inferred that this red patch 
is new tissue that is fontB:l by peeling off the enamel epithelium. A 
follow-up soowed that the changes were not pennanent. 
Atherton (1970) 33 described in greater detail the changes obsezved 
in the A~n-Kerr study (1968) 32• He felt that the creasing that was 
ooticed on the distal of the tooth was the result of the folding of the 
epithelium. He states that the changes are of a fleeting nature, so that 
at the end of ortb:rlontic treatnent little superficial change can be seen 
except a slight crease in the tissue. 
Balenseifen am Madonia (1970) 34 soowed that plaque changes, after 
the placanent of ortb:rlontic bands, are due to the irregularities of 
these appliances. They feel it is conceivable that these appliances 
provide additional surface for collection and retention of food and 
debris. They agreed with Bloan and Brown (1964) 35 wm found a 3,500% 
increase in lactobacillus per ml of saliva in patients with ortoodontic 
placatent of bands. Balenseifen and Madonia fourd an increase of 9.8 x 104 
lactobacilli per ng of plaque and an increase of 1.5 x 1014 strept.occ::cci 
per ng of plaque. The increases in bacteria were due to the appliances 
that protected the plaque fran the actions of brushing, mastication and 
salivary flow. 
11 
I:Dugherty (1971) 36 stated that the hypertrophic gingiva associated 
with orthooontic tooth novement may be due to {XX)r oral hygiene, focxl 
inpaction, and nouth breathing. He also feels that gingival clefts that 
occur on the labial surface of mandibular incisors, maxillary canines and 
the buccal aspect of maxillary nolars may occur due to a high position 
of labial fren\.Jt\, toothbrush trauma, orthooontic expansion and other 
reasons. 
Bekeney and DeMarco (1971) 37 stated that since ortlX>dontic bands 
act as a mechanical irritant to the gingiva, besides mpeding proper 
oral hygiene, the gingiva is often inflarred at the eoo of treatment. 
'!hey used a nibber tooth positioner to enhance the rate of healing of 
this inflarred gingiva. But they found that there was rx> significant 
difference in healing when the tissue was oovered and uncovered. They 
did note that healing occurred following the retOVal. of the bands. They 
also concluded that young, healthy patients in the age group of 12-17 
years, have a great inherent ability to heal, as signified by the rapid 
rate and degree of recovei:y of the gingival tissues after raroval of 
orthxiontic appliances. 
Fo:anicola and Binder (1972} 38 in stating can1011 problans asscx::iated 
with orth:xk:>ntics state that in a healthy nouth, gingivitis may occur 
following the placenent of orth:xlontic appliances. Fixed or rEm:>Vable 
appliances will enhance plaque retention, act as a nechanical irritant 
and gingivitis may begin. These can re £ran fixed and/or rEm:>Vabie 
appliances. They also report that too rapid a tooth novem.mt can result 
in piling of gingival tissue in front where the tooth is being noved. 
They also state that plaque retention is a major problem whenever bands 
are placed on teeth. They suggest that the apical margin of the bands 
smuld be kept free of the gingival margin and sulcus ~ever possible. 
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Zachrisson and Zachrisson (1972) 39 stated that since the Brandtzaeg 
(1966)40 study indicated that the nDst inportant etiological factor in 
periodontal disease is bacterial plaque, the introduction of fixed ortin-
qontic appliances increases the number of retention areas and thus 
might result in increased periodontal involvenent and damage. 
Zachrisson and Zachrisson (1972) 39 reported the first longituli.nal 
assessnent of the gingi v-c:J. changes during ortoodontic treatnent and band 
rE!lDVal. They presented the results of 49 individuals, 21 l:x:>ys and 
28 girls. A control group was also used that consisted of 27 l:x:>ys and 
26 girls that were not treated ort:hodontically. They assessed the oral 
conditions according to the Plaque Index system and the Gingival Index 
system. They also made gingi val pocket neasurements to detennine the 
degree of gingival hyperplasia buccally and interprox.imally as actual 
pocket depth. They s~ that nost children in orth:xlontic bands developed 
noderate generalized gingivitis one or two nonths after the placement 
of the orth:xlontic bands. This occurred in spite of the repeated 
no.tivation and instruction in toothbrushing prior to and during treatnent. 
It was interesting to note that the Plaque Index SCX>res were low. 
However, severe inflamnation was not observed and the IDN Plaque Index 
scores may accol.ll'lt for this. Plaque Index levels reached minimum levels 
during the first nonth after the raroval of the bands. The Gingival Index 
scores were consistently higher and the pockets were deeper at the inter-
proximal surfaces than the buccal surfaces. These findings were consistent 
with the band placsnent to the gingiva. The Gingival Index soore four 
llDilths after band ramval declined and the buccal areas were free fran 
inflamnation yet the inte:rproximal areas were still affected. Reduction 
in pocket depths followed the renoval of the bands indicate that the 
p:,cket depths we.re due to edematous swelling and tissue acC\J'ClUlation 
and oot due to the apical migration of the pockets. Gingival recess i on 
occurred in only a small percentage of ortlxxiontically treated cases 
and they we.re not able to oorrelate this with tooth novanent. ~ver, 
~y felt that the clinical recordings used we.re crude and that refined 
histologic and radiographic investigations are required in order to 
make definite conclusions about the effects of ortlxxiontic therapy. 
Zachrisson and Zachrisson (1972) 41 perfonned a longitudinal study 
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on the gingival condition of 75 patients treated with ortlxxiontic appl i ances 
and 53 J'X)n-treated subjects. This study was perfomed using the sane 
techniques as their first study with the same examinations perfomed. 
They used this study to substantiate their previous findings and they 
came to the same conclusions regarding the changes related to ortlxxion ti c 
tooth novenent. 
Zachrisson and Alnaes (1973) 42 studied 51 patients, 18 ooys and 
33 girls, 2 years after the retDval of fixed appliances. The IX)St 
ortlxxiontic patients were the sane individuals that \-Jere used in 
Zachrisson' f i.rst study. The control group was catlfX)sed of a different 
group of 44 individuals than their first study's control group. Pocket 
depth was dete?:mi.ned using the Holm-Pederson and !De (1971) 43 metlxxi. 
IDss of attachnent was recorded as the depth of the pocket to the cEitento-
enarrel junction, using the same metood of IteaS\.lrEm:mt. ~surements 
of clinical crown heights were made using plaster ITDdels. '!be ortm-
dontic patients detonstrated slightly, but significantly, nore loss 
of attachment clinically than did the reference subjects. The nean 
loss for the orth:>dontic patients was 0.41 nm as cx:rnpared to 0.11 nm 
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in the reference group. '!heir attatpts to neasure loss of attachnent ·. 
indirectly failed to furnish additional infonnation, as the nean figures 
for {X)Cket depth and crown height were nearly the same for the ortm-
dontically treated and m,.treated individuals. '!hey felt that the etiolCXJY 
of the attachment loss in orthodontically treated patients ranained 
ambigoous and a definite oorrelation with orth:xlontics oould not be 
established. 
DI Histologic Observations of Soft Tissue ChanJes in Patients 
Undergoing Orth:xxmtic '!both r-Dvemant 
With reference to histologic evidence of injury to the gingival tissues 
during orthodontic tooth ioovenent in dogs, Stuteville (1937) 18 daron-
strated a "marked round-cell infiltration" in the area of the injured 
tissue resulting £ran a ligature cutting into the tissue. The "round-
cell" infiltrate \\UU.ld indicate an injury of a chronic rather than an 
acute nature. 
Skillen (1940) 19 sl:x:Jws histologic evidence of a gingival ulceration 
(caused by an orthodontic ligature) which ranained unhealed "sane" 
\Eeks after ratOVal of the ligature. He also stated with "tongue 
in cheek" that sate of the injuries to the gingival tissues "may leave 
oo appreciable mark, if the separation of the epithelial attaclm:mt 
is oot cxmsidered lJIIX)rtant". 
Erikson et al. (1945)44 corducted a much qooted histologic study 
to detenni.ne the effect of sophisticated orth:xlontic to:>th novement 
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on the transeptal fiber system. Erikson found that when teeth opposite 
an extraction site are noved together orth:xlontically, the transeptal 
fiber system develops into scar- like tissue which when cnup.cessed, places 
patoologic forces on the periodontal nenbrane and alveolar lx>ne. 
Reitan (1959)45 studied the effect of rotation of teeth upon 
the periodontium. With respect to the free gingival fibers, he noted 
a marked displacetent and stretching oot only of the gingival fiber group 
but also of the epithelial processes. Of particular interest was that 
l.llllike the fibers of the periock)ntal ligament, the free gingival fibers 
remained stretched and displaced even after 232 days. Furthernore , 
since the gingival fiber group is attached to a novable fiber systen 
(the gingival soft tissues arx:l the periosteun) displaarent of fibers 
nay occur at sane distance £ran the rotated tooth. 
Huettner (1960)46 studied the effects of ort:b:>dontic novenent on 
the gingiva aoo periodontal nenbrane in the Macaca Rhesus nonkey. He 
found that certain ortrodontic forces produced patmlogic changes in 
the gingival fibers including: (1) loss of the gingival firers that 
were attached to the papillary layer of the oral epithelium and to the 
lamina propria; (2) hyperplasia of the oral epithelium; (3) inflanmation 
in the interdental tissues. Acoording to Huettner, the transeptal 
fiber system was the nost resistant to damage. 
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Peitan (1960)47 corxiucted an extensive study in <Dgs into 
the effects of the various types of orth:xlontic tooth m:wanents on 
the periodontium. He roted that the gingival fibers, when displaced, 
will tend to rearrange for long periods of time thereby allowing for 
relapse. Reitan re-emphasized his position as stated in his 1959 article 
that the gingival fiber~ are "nDre displaced than elongated, since the 
free gingival fibers interlace terminally with the fibrous tissue of 
the gingiva". 
· F.dwards (1967)29 conducted a stl.Xly of the periodontium during rotational 
novements of teeth. He roted that: (1) gingiva fibers remain attached 
to the tooth during orthodontic rotation; therefore, the gingiva \#.Ould 
be displaced in the direction of the rotation; (2) the gingival and 
transeptal firer groups renained taut and displaced in the direction of 
the rotation after 5 m:>nths of retention. 
Atherton (1968) 32 perfonred an investigation into the effects of 
ortlxxiontic tooth novemant upon the gingiva of hunans and baooons. 
Atherton noted that as a tooth was being distalized into a space created 
by a first prercolar extraction, for exanple, that the epithelium adjacent 
to the tension side was keratinized and has rete pegs. He felt that as 
the tooth is noved distally, the oon-keratinized sulcular lining peels 
off the nesial side of the tooth and is secondarily invaded by the adjacent 
-
stratified squanous epithelium. Atherton restated this position in a 
follow-up study which was published in 1970. 
Zachrisson (1972)48 perfontEd a histologic investigation of the 
gingival tissues assocated with ortoodontic tooth novanent. Prior to 
treatment, he found relatively few inflanmato:cy cells; however, as 
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treatltent progressed, he disoovered increased nononuclear cell infiltrates, 
hyperplasia and proliferation of the !X)Cket epithelium. l)jring active 
ortln3ontic therapy, large numbers of chronic inflamnatory cells ~r e 
found within the pocket area of the connective tissue. 'Ibe oral aspects 
of the gingiva had very few inflanmatory cells. Plasna cells and lympoo-
cytes were the predaninant cell types but localized in different areas. 
Several mast cells were present and interestingly eoough, !X)lynorpoo-
nuclear leukocytes were only found in or near the sulcular epithel iun. 
After band renoval the cellular and vascular re9p:>nses declined and 
the "tissue retunied gradually toward normal CDnditions". 
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MATERIAIS AND .METHOOO* 
'l'\Enty-two male patients fran 12-14 years of age \Ere originally 
selected. at randan fran the clinic p:,pulation of the Depa.rt:m:mt of 
Orth:>dontics at the ~ston University School of Graduate Dentistry prior 
to active orthodontic therapy. F.ach of the subjects was scheduled 
to undergo active orthodontic treatment including multiple banding in 
at least one arch with or without adjuctive use of acrylic rerovable 
appliances for various pericx:ls during the oourse of treatment. Relocation 
of the families of two subjects, the first during the first six rconth 
period, the second during the next nine nonth pericxl, reduced the con-
tinuing sanple to 20 for this portion of the investigation. 
During the first six nonths of the study, the patients were randanly 
divided. into a notivated oral hygiene group and a non-rrotivated oral 
hygiene group. The notivated group, and their parents, received instruction 
in oral hygiene trethods and reinforcement at each visit. The non-
notivated group received no instruction in oral hygiene at all, 
except what they may have received fran their orthodontist. Analysis 
of the data at the end of six nonths indicated no statistically significant 
differences in the Plaque Index (Ioe) between the notivated oral hygiene 
group and the non-notivated oral hygiene group. As a result, these 
groupings were abandoned and not carried into the remainder of the 
investigation. 
*As described at the inception of the project by Drs. Sears and Tejedor 
and subsequently by Ors. Rubins and Roe. 
The authors of this portion of the investigation examined the 
n:maining 20 patients at the 18, 21, 24 and 27 nonth periods of ort:oo-
dontic treatnent by maans of clinical examination and pootographs. 
19 
At the 15 nonth visit a full nouth x-ray series (22 films utilizing grids) 
was obtained. 
The investigators wtx:> carried out the second phase of this study 
(Rubins and Roe) \\Ould routinely take alginate impressions for study 
rcodels at the tine of each clinical examination. Fran these nodels, 
Bunching of tissues (BUNC); Clefting 
(CI,EF) ; Recession (RECS) ; Height of Gingiva on the Buccal (HITB) ; Height 
of Gingiva on the Lingual (HITL) and D.inensional Changes in Interdental 
Papilla (DlME). 
The authors of this phase of the stu:ly deleted the practice of 
taking alginate impressions at each examination for~ reasons: (1) 
In spite of the carefully devised netlxxi by Which Rubins and !be took 
the impressions, it was felt that the distortion was too great; and (2) 
It was felt by the present investigators that~ above nentioned reoordings 
could be roore accurately and efficiently taken directly in the patient's 
nouth during the clinical examination thereby eliminating a IX)tential 
source of error. 
Instead of taking alginate impressions at each examination, the 
present investigators took alginate impressions only at the ti.ne of 
orthodontic band ralDVal for the 9 patients which had their bands renoved 
prior to Examination 10. These IlDdels will be utilized and carpared 
with pre-ortb:xiontic nodels for evalua~ the tissue contours and tooth 
IX)Sition before and after orthodontic therapy. 
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The Data Collection Fonns which ~e developed by Rubins and R:>e 
for recordirXJ data gathered £ran x-rays and clinical examinations was 
felt by the present autb::>rs to be inadequate for the following reasons: 
(1) because of the extensive anDunt of data which must be transferred 
from the Data Collection Fonns onto CXluputer punch cards, the previous 
fonns required a CXJuputer punch card operator who was knowledgeable 
oot only of the dental teJ:minology involved but also of the cunplicated 
system of transferring the data fran the fonns to the cards; (2) the 
previous Data Collection Fonnwas relatively inefficient to use because 
it required an extensive axoount of page turning for each examination. 
'1be revised Data Collection Fonn developed by the present auth:>rs 
eliminates both of these problans. Any CX11puter punch card operator 
could process the data wit.rout any knowledge of the material whatsoeve r. 
Also, page turning is DCM at a minimal level. Fefer to the revised Data 
Collection Fonns located at the end of this section. 
All 20 subjects received a full nouth x-ray series (22 exposures) 
at the 27 nonth examination. Recorded in this series was the periapical 
and crest.al areas of all present teeth and 4 posterio 1r interproximal 
exposures (Bitewings). In all periapical exposures a Rinn Extension 
Cone Paralleling Instrument was utilized as well as the Everett squar e nm 
grid. '!he use of x-ray stents to nore accurately c:arpare :roentgenogr ams 
was not possible due to the continoously changing positions of the teeth 
tmdergoing ortb:x:lontic novenent. The sane s. s. White, recessed long 
oone x-ray machine was utilized for all subjects. All exposures 'Nere 
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made at 15 mi.llanpres, 90 kilovolts aoo with an exposure time of 3/20 
of a second on Kodak Ultra Speed film and developed in the sane S.S. White 
Autanatic developer. 
Additionally, a series of 9 to 12 intraoral oolor pootographs 
of all the teeth and contiguous gingival and mucosal surfaces we.re taken 
at each examination to record surface and tqx:>graphical changes occurring 
during the course of the orthodontic treatrrent. Areas of special interest 
(e.g. nuoogingival problems, etc.) were also pootographed. 
The patients were divided into t\\O groups of ten. Fach group was 
examined by the saJ?9 investigator througoout Exams 7, 8, 9 and 10. Each 
examination was done on a separate · Data Collection Fann. It> previous 
recording was present during any examination. 
* OBSERVATIOOS 
Examinations seven, eight, nine and ten included the followl.n} 
observations made fran clinical examination and x-rays (during examination 
10 only ) • 
I. Clinical Examination 
** *** A. Sulcus depth - facial (neasured frcm distal ) = SULF • • 
*As described at the inception of the project by Ors. Sears and 
Tejedor and subsequently by Ors. Rubins and Roe. 
**All measurements in the study were recorded beginning at the dist 1 
of tooth number 2 (maxillary right second molar) and continued 
sequentially around the arch through the distal of tooth nwnber 31 
(mandibular right second molar} 
***The abbreviations following the headings are used on the 
Data Collection Form as a means of facilitating computerization. 
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The distance between the free gingival margin and the base of the sulcus 
as neasured in millimeters using the Williams periodontal probe with oo 
, 
anesthesia. The recordings represent the Sltlcus depth at the disto-facial, 
mid-facial and rnesio-facial surfaces. 
B. Sulcus depth - lingual (measured £ran distal) = SULL: The 
·recordings represent the sulcus depth at the disto-lingual, mid-lingual 
and nesio-lingual surfaces. 
c. Width of attached gingiva - facial = AGIF: The distance 
between the free gingival margin and the muoogingival junction as 
neasured in millimeters using the Williams periodontal probe placed 
alongside the tissues at: the mid-facial surface of the clinical crown. 
D. Width ~ attached gingiva - lingual = AGIL: The distance 
between the free gingival margin and the muoogingival junction as 
~sured in millimeters using the Williams periodontal probe placed 
alongside the tissues at the mid-lingual surface of the clinical crown. 
E. Muoogingival problem - facial = l-G>F: A muoogingival problem 
was considered to exist when one could pass apical to the mucogingival 
junction a #23 explorer .using light pressure and no anesthesia. A muc:o-
gingival problem, when present, is recorded in millimeters beyond th e 
mucogingival junction. 
* O r«>t present 
--
Number of nm beyond the mucogingival junction 
* These number values are used to record the information on t he Da t a 
Collection Form as means of facilitating computerization. 
23 
F. MucDgingival problans - .lingual = f.G>L: A mucx:>gingival 
problem was considered to exist when one could pass apical to the rnuoo-
gingival junction a #23 explorer using light pressure and no anesthesia. 
A muoogingival problem, when present, is recorded in millim:ters beyond 
the rrucogingival junction. 
0 l'bt present 
Number of nm beyond the mucogingival junction 
G. Plaque Index (I.ee) = PI: 
0 It> plaque 
1 A film of plaque adhering to the free gingival margin 
and adjacent areas of the tooth. ~ plaque may be seen 
in situ only after application of disclosing solution 
or by using the probe on the tooth surface. 
2 MJderate accumulation of soft deposits within the gingival 
lX)Cket, or on the tooth and gingival margin which can be 
seen with the naked eye. 
3 Abundance of soft matter within the gingival ?)Cket and/or 
on the tooth and gingival margin. 
H. Clinical furcation involvement = CFI: A furcation involvemant 
was considered to exist when a Williams periodontal probe could be passed 
into an area of furcation to a depth of 1 nm or rrore. 
0 ~t present 
1 Present 
I. Bunching of tissues (masial readings) = BUOC: A change in 
gingival tissue to~aphy as a result of a decreased interproximal 
space with a constancy of interproximal tissue as evidence by oonditions 
such as enlax:genent, rolling and creasing. 
0 
1 Yes 
J. Clefts = CI,EF: V - shaped mtches either within or apical 
to the attached gingiva. 
0 ~ne 
1 Within attached gingiva - buccal 
2 Within attacoad gingiva - lingual 
3 Apical to the attached gingiva - buccal 
4 Apical to the attached gingiva - lingual 
5 Within attached g.ingiva - buccal and lingual 
6 Apical to attached gingiva - buccal and lingual 
K. Recession = RED;: The apical i;:x:,sition (buccal or lingual) 
of the gingival margin apical to the cementoenanel junction. 
1. ~ne 
2. Bucca] - yes 
3. Buccal - no 
4. Lingual - yes 
s. Lingual - no 
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L. Height of gingiva - Buccal = HITB: A neasurarent in milli-
neters f:ran the highest point of the crown to the gingival margin at the 
mid-facial IX)int on the crown. 
--
Number of nm fran the highest point of the crown. 
M. Height of gingi va - lingual = HITL: A neasurarent in milli-
neters fran the highest IX)int of the crown to the gingival margin at the 
mid-1.ingual µ:,int on the crown. 
N. Dinensional changes in interdent.al papilla - DIME: An increase 
or decrease in~ size of the interdent.al papilla (mesial readings). 
0 
1 Yes 
II. ~tgenographic Evaluation 
A. la)t Resorption = RRSP: IDss of root structure visible on 
roentgenograms. It may be either f:ran ca-centum to dentin (external) 
or fran dentin to carentum (internal). 
0 Absent 
1 Mesial surface - coronal one-third 
2 ~sial surface - middle one-third 
3 Distal surface - coronal one-third 
4 Distal surface - middle one-third 
5 Internal 
6 Apical 
B. Cresta! rrorphology = M)RF: Shape of the interdental crestal 
lx>ne as evident on roentgenograms. Basis for reading will be a line 
drawn through the adjacent cenentoenanel junctions and the a::mparison 
of crestal levels to this line. In addition, the clarity with which 
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the lamina can be observed will also be considered as distinct or indistinct 
(nesial readings) • 
1. Parallels CEJ - distinct 
2. Parallels CEJ - indistinct 
3. D:>es oot parallel CEJ - distinct 
4. Ibes not parallel CEJ - indistinct 
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c. Bone loss (type) = BLT: Type of bone loss evident on 
:roentgenograms (rresial readings). 
0 :lt>ne 
1 1-brizontal: 'Any loss of crestal lx>ne stnicture maintaining 
the original shai;:e which is usually horizontal. 
2 Angular: loss of crestal lx>ne structure resulting in an 
angular interproximal shape when the original shape was 
presumed to be mrizontal. 
3 canbination: A loss of crestal bone structure resulting 
in a shape which is a CXJllbination of oorizontal and angular 
when the original shape was presumed to be oorizontal. 
D. Bone loss (severity} = BISM: (rresial readings) 
0 lt>ne 
1 Slight: A loss of crestal bone, as ccrcpared to the initial 
x-rays of less than 1 nm. 
2 Mxlerate: A loss of crestal l:x>ne, as ccrcpared to the initial 
x-rays of 1-2 nm. 
3 Severe: A loss of crestal bone, as ccrcpared to the initial 
x-rays of nore than 2 nm. 
E. Density of interradicular l::x:>ne related to root position as 
indicated !!.i_ trabeculation = DENS: The density of the 
interradicular rone related to root p:,sition is indicated by the increase 
or decrease of the trabeculation in a 5 square mn area as ccrcpared to the 
initjal x-rays (mesial readings). 
0 ~ change 
1 Increase 
2 Decrease 
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F. Eurcation Invol vanent = Ft.JOC: 'lhe presence or absence of an 
interradicular bony lesion as indicated by x-ray observation as o::rnpared 
to the initial x-ray. A radiolucent area is oonsi.dered as a furcation 
·problan. 
0 N:>nnal 
1 Radiolucent 
G. Ib:>t Proximity - PIDX: '!he neasuranents are taken midway bet\tJeen 
the CEJ and the root apex using a 1 nm x-ray grid scale (mesial readings). 
1 Favorable: 1. 0 nm or m:>re as trerurured on x-ray. 
2 Unfavorable: less than 1. 0 mn as neasured on x-ray. 
III. MJvanents 
A record of the direction and type of ort.h::x:k:>ntic novem::mt or the 
use of the tooth as an anchorage unit was recorded for each tooth at each 
examination. These entries were made by the atten:ling orthxlontist for 
each case on the Data Cbllection Fonns supplied them. 
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* CX>1Pt1.l'ERIZATIOO 
At the mception of this study (1971) , a cuuputer program was to 
have been designed to answer the list of questions which will be outlined 
in the next few pages; towever, the only program that was ever designed 
· was one which provided a simple print-out of ~ data. It · s the strong 
feeling of the autoors of this phase of the study that a cx:mputer program 
be developed which will be able to statistically evaluate the voluminous 
anount of data which is being collected in this investigation. The following 
list of questions had to be answered by the present aut.h:>rs by feeding 
the raw data fran the collection fonns into the canputer and obtaining 
individual programs for each problem. 
Clinical Examination and Questions of Interest 
A. Sulcus Depth 
1. !bes sulcus depth change across teeth fran one examination to 
another? 
2. If it does change, is it an increase or decrease :? 
3. At what point in tine does change first occur across subjects and 
teeth? 
4. Are the sulcus depth changes greater on the IOOSial, mid -fac ial 
or mid-lingual, or distal surfaces of teeth? 
5. In those teeth with S\llcus depth changes, is there a change in the 
height of the gingiva? 
*As described at the inception of the project by Drs. Sears and Tejedor 
and subsequently by Drs. Rubins and Roe. 
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6. Is there a correlation between the direction of forces and 
increased sulcus depth? 
B. Width of Attached Gingiva 
1. rxles the width of attached gingiva remain static, increase, or 
decrease? 
2. At what point in tine does it change first across subjects and 
teeth? 
3. In areas of change in the width of attached gingi va, what, if 
any, changes occur in sulcus depth? 
4. In areas of change in the width of attached gingiva, what, if 
any, changes occur in height of gingiva? 
5. Is there a correlation between changes in the anount of attached 
gingiva and the direction of novetent? 
6. What is the average facial and lir¥Jua]. width of attached gingiva 
and the direction of novement? 
C. Mucogingival Problems 
1. What is the occurence across subjects and teeth? 
2. What is the severity of the mucx,gingival problem across teeth? 
3. What point in tine do these changes occur? 
4. lbw are these changes related to the type of novement across 
subject arx1 teeth? 
5. Is there a correlation between IllllCCXJingival problems and ~rection 
of novement? 
6. Is there a correlation between IllllCCXJingival problans arrl width 
of attached gingiva? 
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o. Plaque Index 
1. IDes the plaque index change with each examination across teeth? 
2. Is there a correlation bebJeen plaque index and SULF, SOLL, Kil?F, 
MiPL, INFL, CRI, BUOC, CT,EF, RECS, HITB, HITL, DIME, M:>RF, BLT, BI.SM? 
3. At whatFC)int in time is the increase in plaque index first notice-
able across subject arrl teeth? 
E. Clinical Furcation Involvatent 
1. tDes clinical furcation involvatent correlate with radiographic 
change? 
2. What point in time is it first noticeable in each subject? 
3. What is the occurrence across subjects and teeth? 
4. Is there a correlation between clinical furcation involvem:mt 
and direction of force? 
5. Is there a correlation between clinical fu:rcation involvarent 
and width of attached gingiva? 
F. Inflanmation 
1. IDes inflamnation change £ran exam to exam across subjects and 
teeth? 
2. Is there a correlation between inflamnation ard SULF, SULL, Kil?F, 
M;PL, PI, CFI, BUOC, CLEF, RECS, HITB, Hl1'.L, DIME, M:>RF, BLT, BI.SM? 
G. Bunching of Tissue 
1. What is the occurrence across subjects? 
2. Which areas are nost affected across subjects and teeth? 
3. What point in time is it first noticeable in each subject? 
4. How is it related to direction of rrovemant across subjects 
and teeth? 
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H. Clefts 
1. What is the occurrence across subjects and teeth? 
2. What is the prevalence of location, buccal or lingual? 
3. What is the prevalence of type, confined to at tached gingiva 
or does it involve the mucosa? 
4. At what point in tine are these changes f irst noticeable? 
5. Is there a correlation between cleft fonna ti on and direction 
of novel'Cent? 
6. Is there a correlation between cleft fonnatio n and width of 
attached gingiva? 
I. Recession 
1. What is the prevalence across subjects and tee th ? 
2. What is the prevalence of location, buccal or lingual? 
3. At what J,X>int in tine is recession first noticeable? 
4. Is there a oorrelation between recession and direction of novanent? 
5. Is there a oorrelation between recession and wid th of attached 
gingiva? 
J. Height of Gingiva 
1. IX>es gingival height change £:ran examination to examination across 
subjects and teeth? 
2. At what J,X>int in time are these changes ootice abl e? 
-
3. Are changes in gingival height greater on the buc cal or lingual 
surfaces? 
4. Is there a correlation between changes in gi.D:Jival height and 
direction of novement? 
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K. Dimensional Changes in Interdental Papilla Areas 
1. IX> changes in interdental papillae cx:cur £ran exam to exam acros s 
subjects and teeth? 
2. At what point in time do these changes occur? 
3. Is there a oorrelation between dimansional changes in in ter dental 
papilla areas and direction of novenent? 
Radi99!:¥hic Evaluation 
A. Rx>t Resorption 
1. What is the ·cx:currence within subjects? 
2. Which teeth are nost affected across subjects? 
3,, At what point in time is it first noticeable in each subject? 
4. In what area of the teeth is resorption nore pr evalent? 
5. What is the correlation between root resorptio n and type and 
direction of tooth novenent? 
B. crestal M:>rpoology 
1. Cb changes in crestal norpoology cx:cur across teeth and subjects? 
, 
2. Which interproxirnal areas are nost affected? 
3. At what point in time are crestal changes evident ? 
4. Is the.re a correlation between type of m:>venent and cr estal 
changes? 
5. What is the relation of the interproxirnal crestal angulation and 
a line joining the proximal cementoenanel juncti ons? 
c. Bone IDss (Type) 
1. What is the prevalence of lxme loss across subjects and teeth? 
2. At what point in time are these changes l'X)ticeabl e? 
3. Is there a oorrelation between type of ncvement and type of lx>ne 
loss? 
4. What is the frequency of each type of bone loss? 
D. Bone IDss (Severity) 
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1. What is the incidence of rone loss in each category across subjects 
and teeth? 
2. Is there a correlation between the severity of lx>ne loss and type 
of rcovenent occurring? 
3. At which point do they occur? 
E. Density of Interradicular Bone Trabeculation 
1. What is the prevalence of interradicular 1:x>ne trabeculation 
changes across subjects and teeth? 
2. At what µ:>int in tine are these changes evident? 
3. Is there a oorrelation between interradicular lx>ne trabeculation 
changes and type and direction of novenent? 
F. Furcation Invol vment 
1. What is the prevalence of furcation involverrent across subjects 
and teeth? 
2. At what point in time are these changes first evident? 
3. Is there a correlation between furcation involvenent and type 
and direction of tooth nnverrent? 
G. lbot Prox.imi ty 
1. What is the prevalence of favorable and tmfavorable root proximity 
across subjects and teeth at each examination? 
2. At what µ:>int in time are these changes first evident? 
3. Which teeth sh::Jw the greatest incidence? 
4. Is there a correlation be~ proximity involvement aoo type 
and direction of tooth IYDV€m:mt? 
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Part II; 
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.. 
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CLINICAL EXAmNATIOO RESULTS 
The following are a cxrcparison of EK.am.inations 1 with EK.am.ination 10 
unless otherwise stated. 
Plaque Index (P. I. ) 
Plaque iniex deronstrated only a barely significant increase 
(P <. .10) between EK.am.inations 1 vs. 10 and 6 vs. 10; however, a slightly 
nore significant difference (P< .OS) was noted between the patients still 
in orthodontic bands at Exam 10 with the oorresponding patients in 
Exam 1. (See Table I). 
Inflanmation (INFL) 
Inflanmation sl'x:Med a significant increase between Exams 1 and 10 
(P < .001); however, there was no significant difference between Exams 6 
and 10 even though approximately half (9 patients) of the patients had 
their orthodontic bands recoved during this pericxi. 
Sulcus Depth Facial (SULF) 
There was a significant increase in sulcus depth (P < . 001) between 
Exams 1 and 10; h:Jwever, the increase between Exams 6 and 10 was only 
barely significant (P < .10). The extremes of change in sulcus depth 
were .51 nm to 2.57 nm increase. The median was a 1.40 nm increase. 
(See Tables X.V and XVII) • 
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su.lcus Depth Lingual (SULL) 
There was a significant increase in sulcus depth on the lingual 
(P < .001) in all subjects; however, the increase between Exams 6 and 10 
was only slightly significant (P < .05). The extrerres of change in 
sulcus depth were .71 nm to 2.15 nm increase. The rredian was 1.49 nm 
.increase. (See Tables -m and XVII). 
canpru::ison of Sulcus Depth Increase as 
Related. to ~sial-facial, Mid-facial, 
Distal-facial, Mesial-lingual, Mid-lingual 
and Distal-lingual Sulcus Depths 
There was a significant increase for each area maasured (P < . 001) 
between Exams 1 arrl 10; however, significant increases were noted between 
Exams 6 and 10 (P < . 05 to P < . 01) for all areas except nesial-facial 
and distal-lingual which showed no significant changes. (See Tables V 
through X). 
In canparing the nesial with the distal sulcus depth increases on 
roth buccal and lingual surfaces (nesial-facial and nesial-lingual vs. 
distal-facial and distal-lingual) there were no significant differences. 
(See Table XXI) • 
Significant differences (P < . 01) were noted when canparing the 
distal-facial vs. mid-facial and mid-lingual sulcus depths and the nesial-
lingual vs. mid-facial and mid-lingual. (See Table XXI). 
It> significant differences were noted when canparing the distal-
lingual and nesial-lingual sulcus depths vs. the mid-facial and mid-
lingual sulcus depths. (See Table XXI). 
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Attached Gingiva ~ the Facial (.AGIF) 
There was a significant increase in attached gingiva on the facial 
(P < . 001) ; lx:Jwever, a carparison of Exams 6 and 10 soowed no significant 
increase. (See Table XI). The extreres of change in attached gingiva 
on the facial were 0. 31 nm to 1. 56 nm increase. The ITed i an was a 0 • 3 9 nm 
increase. (See Tables XVI and XVII). 
Attached Gingiva ~ the Lingual (AGIL) 
Attached gingiva on the lingual derronstrated a significant increase 
between Exams 1 and 10 (P < . 001) and 6 and 10 (P < . 01) • The extraces 
of change were -.10 nm to 2.26 nm increase. (See Table XVI). 
Height of the Gingiva on the Buccal (HI'l'B) 
There was a significant increase in tissue height on the buccal 
(P < . 001) between Exams 1 and 10 and 6 and 10. (See Table XIII). The 
extreres of change in height of the gingiva on the b.lccal were 0.01 nm to 
1.36 nm increase. The rre.dian was 0.45 nm increase. (See Tables XVI and 
XVII). 
Height ~ the Gingiva on the Lingual (HITL) 
There was a significant increase in the tissue height on the lingual 
(P < .001) for Exams 1 vs. 10 and 6 vs. 10. (See Table XIV). The extretTES 
of change were 0.19 nm to 1.51 nm increase. The nroian was 0.895 nm 
increase. (See Tables XVI and XVII). 
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Mucogingival Problens Facial (MiPF) 
During Examination 10, with a p::,ssible 450 teeth, it was observed 
that 65 teeth showed a mucogingival problem. This ~uld represent 14.4%. 
Of the 65 tm.1cogingival problems, 60 showed a probing of 1 nm apical to 
the mucogingival jnnction and 5 sl'v.ved a probing of 2 nm apical to the tm.1co-
gingival junction. Of the 65 teeth involved, 47 problems -were seen on 
the mandibular arch. The distribution by tooth number was as follows: 
#27 (16); #22 (14); #'s 6 and 11 (8); #25 (6); #'s 23 and 24 (4); #26 (2}; 
#'s 7, 20 and 21 (1). 
Mucogingival Problems on the Lingual (1'G>L) 
I:uring Examination 10, there were no Im.lcogingival problans observed 
on the lingual surface. 
Clinical Furcation Involvements (CFI) 
During Examination 10, incipient furcation involvement was noted 
in one patient in four areas: teeth #'s 3, 14, 19 and 30. 
Bunching (BUNC) 
During Examination 10 it was found that 87 areas exhibited bunching 
(19. 3% of the teeth). There was no bunching observed involving teeth 
that were not subjected to orthodontic therapy. 
Clefting (CTEF) 
During Examination 10, clefting was fotmd on 14 teeth (3% of the 
teeth). Six areas of clefting were found within the attached gingiva 
39 
on the buccal and 9 were found to be within the attached girXJiva 
on the lingual. Clefting on the lingual was found on teeth # 's 3, 7, 
22, 231 24, 25, 26 and 27. Clefting on the buccal was found on teeth #'s 
6, 13, 23 and 26. 
Recession (ROCS) 
During Examination 10, there was no evidence of recession observed. 
Dinensional Change (DIME) 
During Examination 10, it was fol.D'ld that 94.4% of all teeth studied 
showed dinensional change of the nesial interprox.imal tissue. 
RADICGRAPHIC RESULTS 
Root Resorption (RRSP) 
It was found on radiographic examination at the 27 nonth interval 
that 139 of a possible 450 teeth (30.9%) showed signs of rcx:>t resorption. 
Apical rcx:>t resorption was noted on 132 of the teeth. Resorption was 
found on the nesial surface in the C'Oronal one-third on 1 tooth, the nesial 
surface in the middle one-third on 2 teeth, and on the distal surface 
in the oo:ronal one-third on 4 teeth. (See Table XXII). 
Crestal M:>rprology (IDRF) 
On radiographic . examination at the 27 nonth interval it was observed 
that the angulation of the interdental crestal lx>ne was parallel to the 
CEJ in 73.5% of the areas studied. The interdental crest was found to 
be distinct in 21.5% of the areas studied. The nost prevalent inter-
dental finding was parallel and indistinct which oonp.cised 265 of the 
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480 possible areas. (See Table XXIII). 
lbne I.Dss (BLT) 
At the 27 nonth interval, oorizontal bone loss was noted in 64 
interdental areas. Vertical oone loss was noted in 7 5 interdental areas 
and a canbination of horizontal and vertical 1:one loss was noted in 19 
areas. (See Table XXIV) • 
Bone I.Dss (BTSM) 
At the 27 nonth interval, the severity of rone loss was deternrined 
to be slight in 126 areas, noderate in 14 areas and severe in 5 areas. 
(See Table XXIV) • 
Furcation (FURC) 
Radiographic evaluation at the 27 nonth interval revealed evidence 
of furcation involvement in 4 areas within a single patient (teeth #'s 3, 
14, 19 and 30. (See Table XXV). 
Foot Proximity (PROX) 
Radiographic evaluation at the 27 nonth .interval revealed root 
proximity problems in 5.4% of the possible 429 interradicular areas. 
CORREIATIOOS 
Fran eight of the clinical variables (PI, INFL, AGIF, AGIL, HITB, 
HITL, SULF and SOLL) a correlation analysis was done on the differences 
between Examinations 1 and 10. (See Table XVIII). 
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There is a significant :EX)Sitive correlation between Plaque Index 
(PI) and Sulcus depth on the lingual (P < . 05). That is, as PI increases, 
SULL also increases. The correlation here is not a highly significant 
one, lxJwever. 
There is a significant correlation between Height of the Gingiva 
on the Buccal with Height of the Gingiva on the Lingual (P < . 01) • 
Also, a significant oorrelation existed between Height of the Gingiva 
on the Lingual with Sulcus Depth on the Lingual (P < . 05) • Finally, 
the strongest oorrelation existed (P < . 001) bebveen Sulcus Depth 
on the Facial and Sulcus Depth on the Lingual. (See Table XVII). 
'Ibere was no statistically significant correlation between any 
of the other variables as seen in this Table. 
Actual Arrount of Attached Gingiva ~ the Facial 
as Canpared Bebveen Exarrrinations !_ and 10 
By subtracted the average attached gingival reading on the facial 
(by definition) fran the average mid-facial sulcus depth, \\le would 
derive the average actual di.roonsion of the attached gingiva. 
In cnrparing the actual average arrount of attached gingival on 
the facial between Exams 1 and 10, it was slDwn that there was a 
statistically significant decrease (P <: • 001) • (See Table XIX) • 
Actual AnlJunt of Attached Gingiva on the 
Lingual ~ Canpared Bebveen Examinations !_ and 10 
In canparing the actual average anount of attached gingiva on 
the lingual betl-.een Exams 1 and 10, it was shown that there was 
a slightly significant decrease (P < . 05). (See Table XX). 
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DISCUSSIOO 
In Cktober, 1971, Ors. Stuart Sears and Sergio Tejedor-Is::>n conducted 
the first of a series of examinations (perfonned e·very 3 nonths) on 
22 male patients between the ages of 12-14 years which were randanly 
selected from the Ortlxxiontic Depart:mant at Boston University Schx>l 
of Graduate Dentistry. One requirarent for patient selection in this 
study was that the patients were ab:>ut to enter into orthodontic therapy 
which ~uld include full arch banding with or without a wire and acrylic 
rE!YOVable retainer following band raroval. care was taken to eliminate 
as many variables as possible by selecting patients of similar age and 
sex grouping and type of orthodontic case. 
In July, 1972, ors. Rubins and Roe began their phase of the investi-
gation which included three examinations (Numbers 4,5 and 6). 
In April, 1973 the present investigators began a series of four 
examinations (at 3 nonth intervals) which included number 7 through 10. 
Prior to Exam 10, 9 of the ranainio] 20 patients in the study had their 
orthodontic bands ret0ved. 
This portion of the investigation is an evaluation of the changes 
that occurred fran Exams 1 through 10. Special attention has been given 
to evaluating the changes bebJeen Exams 6 and 10 as -well as the changes 
bebJeen those patients still wearing their orth:xlontic bands at Exam 10 
with the correS?')nding patients in Exam 1. 
As was stated by ors. Rubins and Roe, certain uncontrollable variables 
differences in tooth size; rate of rrovarent, direction 
and distance of nnvercent; state of tooth eruption; inherent examiner error; 
systemic oondition of the patients (inclooing pubertal changes) and 
basic differences in the patients' individual I1Dtivation toward personal 
oral hygiene. 
Fach examination consisted of collecting numerical data which was 
averaged for each patient by dividing the sum of the values for each 
tooth by the number of teeth considered. 'Ihe values for each patient 
were then fed into a ccrcputer and a paired t-test was perfonred for 
Exams 10 vs. 1, 10 vs. 6 and 10 (patients still in orthodontic bands) vs. 
the corresponding patients in Exam 1. P values were then detennined 
for each canparison and the degree of significance was based up:>n whether 
or not the Null liyIX>thesis was accepted or rejected. Also, correlation 
canparisons were made for eight clinical variables (.AGIF, AGIL, SULF, 
Analysis of the results with reference to Plaque Index (PI) indicates 
that only a barely significant increase (P < .10) was noted between 
Exams 1 and 10 and 6 and 10. However, when patients still in ortho-
dontic bands at Exam 10 were canpared with the sane patients at Exam 1, 
a slightly nore significant increase was noted (P < . 05) • Rubins and 
!be dennnstrated a significant correlation (P < . 02) between plaque and 
inflanmation for Exams 1 vs. 6. However, the present autlx:>rs found no 
oorrelation between plaque and inflamnation for Exams 1 vs. 10. These 
findings could substantiate the authors' opinion that orthodontic bands 
favor plaque accWlUlation and hinder the patient's ability to deplaque 
their nouths. On the other hand, the overall findings of a barely 
f 
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significant increase between Exams 1 and 10 and 6 and 10 \«)\J].d agree with 
the findings of Zachrisson and Zachrisson (1972)39• 
Analysis of the results with reference to inflanmation smwed a 
significant increase (P < .001) between Exams 1 and 10; l'x::Jwever, between 
Exams 6 and 10, the difference was not statistically significant even 
toough nine of tie t:wenty patients had their bands reroved. prior to Exam 10. 
This finding disagrees with the studies of Spence (1955)22, Baer and 
cacarro (1964) 27 and Bekeney and DeMa.roo (1971) 37; oowever, oo ex>nclusions 
can be drawn until all twenty patients have had their bands reroved. 
Sulcus Depth on the Facial (SUIF) and on the Lingual (SULL) smwed 
a significant increase between Exams 1 and 10, and the increase was only 
slightly significant between Exams 6 and 10. This could be acoounted for 
by the fact that approrimately half of the patients had their bands rE!lDVed 
prior t.o Exam 10. With reference to sulcus depth, Zachrisson and 
Zachrisson (1972) 39141 described a reduction in pocket depth after ran::>val 
of orthodontic bands. The results of this p:>rtion of the investigation 
seem to indicate that as several patients are having their ortix:>dontic 
bands racoved, the increase in sulcus depth is much less significant 
(i.e., CCJ'nparison Exams 6 vs. 10). 
The present autn:>rs feel that the increased sulcus depth between 
Exams 1 and 10 was due to rrarginal proliferation or to an apical 
shift of the epithelial attachmant. It soould be noted that the increased 
sulcus depth could be due to a CC!nbination of the factors just mentioned 
along with the effects of nonnal tooth eruption and to positional changes 
of the teeth during orthodontic therapy. 
' 
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It is interesting to note that S\llcus depth on the nesial-facial, 
distal-facial, nesial-lingual and distal-lingual slxJwed a significant 
increase between Exams 1 and 10. These areas correBIX)nd to the lex2tions 
of the interdental papillae. Tha alx>ve m:mtioned figures suggest that a 
significant increase in the dimension of the interdental papillae has 
occurred between Exams 1 and 10. This may be due to a hyperplastic 
reSJ;X>nse of the marginal gingiva resulting from the increase in inflam-
mation between Exams 1 and 10. Other factors which oould account for the 
significant dimensional changes in the interdental papilla could be tooth 
position (causing Bunching), irritation fran orthodontic bands and carents, 
pubertal gingival changes and habits (nouthbreathing, etc.). 
The height of gingiva on the buccal (HITB) and lingual (HITL) also 
smwed a significant increase (P < .001) between Exams 1 and 10 arrl 6 
and 10. By indirect calculation, a statistically significant decrease 
was found in the distance between the rnucogingival junction and the base 
of the sulcus on the buccal (P < • 001) arx:l on the lingual (P < . 05) • 
Fu:rt.henIDre, during Exam 10, 94.4% of all teeth studied exhibited dimen-
sional changes in the interdental papilla. This finding agrees with 
Zachrisson and Zachrisson (1972)39 and Daugherty (1971) 36, lx>th of whan 
noted increased dimensional changes during orthodontic tooth rcoverrent. 
With respect to attached gingiva on the facial (AGIF) and lingual 
(AGIL) it was noted that a significant increase (P < . 001) in attached 
gingiva occurred between Exams 1 and 10. However, ccnparisons of AGIF 
and AGIL between Exams 6 and 10 showed no significance and slight 
significance (P < . 01) respectively. 
f 
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It is lllp)ssible at this p:>int in the study to make any definite 
statarent regarding the p:,sition or width of the epithelial attachnents 
b:lsed upon canparisons of sulcus depth, height of gingiva and anount of 
attached gingiva. It is the feeling of the present autb:>rs that until 
ort:b:x:iontic therapy is cn.uplete and a stable occlusion is achieved, too 
many variables can influence the position of the epithelial attachnent. 
After ortlx:xlontic therapy is c;auplete and a stable occlusion is achieved, 
scree conclusions may be drawn fran the available data to indi cate tha t 
either an apical shift or decrease in width of the epithelial attachnent 
may occur during orthcxlontic tooth noverent. 
With respect to rnucogingival problems on the facial, Rubins and a::>e 
recorded problems on 2.3% of the teeth stuiied. At Exam 10, 14.4% of 
the teeth studied deoonstrated nrucogingival problems. N:> mucogingival 
problems were found on the lingual. 
Clefting was observed in 3% of the teeth studied. The authors feel 
that the clefting was nore than likely due to iatrogenic effects of orth:>-
dontic appliances UEX)n the gingival tissues. 
There was no evidence of Recession (RECS) at Examination 10. This 
finding agrees with Pearson (1968) 31, Zachrisson and Zachrisson (1972) 39141• 
A statistical. oorrelation analysis was perforned on eight of the 
cl.inical variables in this study. A barely significant fX)Sitive oorre-
lation was found between Plaque Index and Sulcus Depth on the Ll.ngual 
suggesting that this particular area of the nouth is nore difficult to 
naintain than the buccal. 
f 
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A significant correlation was found between HITB with HITL 
(P < • 01) and SULF with SUIL (P < . 001} • These findings \«nlld indicate 
that factors responsible for the dimensional changes are operative 
on the buccal as well as the lingual sides of the tooth. Also, a 
significant correlation was found between HITL and SULL (P <: • 05) • This 
finding, cx:rnbined with the al:x:Jve rrentioned correlation between PI and 
SULL would tend to suggest a hype.rplastic inflanmatory gingival response. 
In evaluating the radiographs taken at Examination 10, it was 
noted that 30.9% of the teeth demJnstrated obvious signs of i:oot resorption 
(RRSP). By far, the nost camon type was apical root resorption (29.3%). 
The angulation of the interdental crestal lx>ne (IDRF) was found to be 
not parallel to the CFJ5 in 26.5% of the areas studied and indistinct 
in 35. 4% of the areas. These findings indicate that the cx:rnbination 
of orthodontic forces with increased bacterial plaque and inflamnation 
may be having an adverse effect on the interdental osseous crest. 
Bone loss (BLT) was evaluated by canparing the radiographs fran 
, 
Ex:amination 1 with Ex:amination 10. Bone loss was found in 32.9% of the 
areas studied. Of this, 40.5% was horizontal in nature, 47.5% was vertical 
in nature and 12% was a cx:rnbination of oorizontal and vertical. Seventy-
.. 
nine percent of the total bone loss was felt to be slight (less than 1 nm), . 
8.9% was m:>derate and only 3.2% was severe (2 nm or rrore}. 
Rubins and 1c,e rep:>rted root proximity problems (PROX) in 17% of 
the areas studied. At Examination 10 (27th nonth), root proximity was 
found in only 5.4% of the areas indicating that a m:,re favorable root 
position is being achieved through orthodontic therapy. 
In reflecting up:>n this phase of the investigation, th:! authors 
have becane aware of a few problems which must be resolved if the full 
• 
p:>tential of this study is every to be realized. First, it is 
obvious that the volurce of raw data to date is so great that in order 
to extract the full arrount of infonnation available, the authors 
49 
(in collaooration with Dr. Herbert Kayne) feel that a cauputer scientist 
~rking with the School of Graduate Dentistry is needed to devise a 
system for manipulating am evaluating the past and forthcani.ng data. 
Secondly, in the past, no central repository has been available to 
store the extensive annunt of data; therefore, the autoors recxmnend 
that sare central reµ:,sitory be made available for this puri;x:>se. Third, 
during the phase of the study, the autl'X>rs were tempted to try to extract 
data specifically f:ran toose patients who had their ortlmontic bands 
ratoved prior to Examination 10; l'x:Jwever, since the time elemant of band 
rE!lOVcll was so inconsistent and a few of the patients had their bands 
reroved shortly after Examination 6, the present autoors felt that analysis 
of the patients IX)St-orthodontically is best left for future investigators. 
' I 
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TABIE I 
PIJ\C(]E INIEX (P.I.) 
St.JBJFrl' EXAM 1 EXAM 6 EXAM 10 
1 2.11 2.21 1.25 
2* 1.12 2.13 1.45 
3 2.09 1.50 1.85 
4 1.04 1.08 1.54 
5* 1.67 2.50 2.20 
6 o. 79 1.00 1.30 
7* 1.29 1.79 1.00 
8* 1.77 1.93 2.03 
9 2.00 2.29 2.12 
10* 1.89 2.33 2.08 
11 1.39 2.46 1.62 
12 1.22 2.09 2.16 
13 1.39 .2.18 2.00 
14 1.40- 2.00 2.30 
15* 1.63 1.71 1.29 
16* 1.25 2.00 1.45 
17* 1.73 1.96 1.12 
18 2.07 2.04 2.58 
20 1.17 1.88 2.08 
21* 2.00 2.46 2.03 
- Examinatioo 10 with Examination 1 (P < .10) 
Ccllparisan Examination 10 with Examinatiai 6 (P < .10) 
Cmparison Examinatiai 10 (Patients still in Orthoda'ltic Bands) 
with oonesponding Patients in Examinatioo 1 (P < .OS) 
"Ortooc:k:mtic Bands were RerrDved Prior to Examination 10 
( 
TABIE II 
INFI.az.t.1ATICN (INFL) 
SUBJECT EXAM 1 ~6 EXAM Io 
1 1.11 1.42 1. 79 
2* 1.12 2.48 1.75 
3 1.00 1.58 2.00 
4 1.64 1.08 1.66 
5* 1.56 2.63 2.00 
6 1.21 1.00 1 .80 
7* 1.17 1.75 • 79 
8* 1.15 1.86 1.64 
9 1.57 2.21 1.91 
10* 1.56 1.92 1.37 
11 1.18 2.25 1.16 
12 1.00 2.04 1.90 
13 1.26 2.36 2.00 
14 1.15 1.87 2.00 
15* 1.07 2.08 1.91 
16* 0.96 2.00 2.00 
17* 1.29 2.38 1.16 
18 1.43 2.17 2.00 
20 1.21 1.88 2.00 
21* 2.00 2.50 2.00 
Cooparisoo Examination 10 with Examinatioo 1 (P < .001) 
catparisoo Examination 10 with Examination 6 (Not Significant) 
catparison Examinatioo 10 (Patients still in Orthucb1tic Baoos) 
with oon:espooding Patients in Examinati.a, 1 (P < .001) 
"Ort:hocbltic Bands were Renoved Prior to Examinatioo 10 
I 
TAB.IE III 
SULCl5 IEPl1h FACIAL (SULF) 
EXAM l EXAM 6 EXAM 10 
l 2.16 3.08 3.51 
2* 1.48 2.77 2.80 
3 1.66 3.54 4.11 
4 2.01 3.11 4.25 
5* 2.16 3.57 4.23 
6 1.84 3.06 4.41 
7* 2.26 2.58 2.77 
8* 1.50 2.73 2.96 
9 2.07 3.19 3.50 
10* 2.47 4.43 4.08 
11 1.98 3.25 3.36 
12 1.72 3.17 3.22 
13 1.91 3.83 3.12 
14 1.83 2.78 3.20 
15* 1.83 2.94 2.51 
16* 1.75 3.08 2.96 
17* 1.71 2. 70 2.78 
18 2.13 2.97 3.10 
20 2.08 3.07 3.72 
21* 1.42 3.13 2.84 
- Examinatioo 10 with Examination 1 (P < .001) 
- Examinatioo 10 with Examinatiai 6 (P < .10) 
canparison Examinatioo 10 (Patient.a still in Orthocbntic Bands) 
with con:esponding Patients in Examinatim 1 (P < .001) 
*Orthoda1tic Bands wiere Iencved Prior to Examinatiai 10 
• 
TABIE IV 
SUIL't.5 IEPl'H LI?GJAL (SULL) 
EXAM 1 EXAM 6 EXAM 10 
1 2.30 3.25 3.50 
2* 1.29 2.72 2.91 
3 1.59 2.88 3.69 
4 1.97 2.97 4.05 
5* 1.74 3.14 3.83 
6 1.60 3.14 3.75 
7* 1.94 2.46 2.68 
8* 1.29 2.85 3.25 
9 2.25 2.93 3.38 
10* 2.43 4.07 4.03 
11 2.06 3.53 3.72 
12 1.78 3.54 3.22 
13 1.75 2.86 3.02 
14 1.40 2.64 3.26 
15* 1.86 2.01 2.57 
16* 1.52 3.69 2.56 
17* 1.75 2.55 2.76 
18 1.60 2.81 3.13 
20 1.79 2.90 3.03 
21* 1.33 2.86 2.69 
Ckltparison Examination 10 with Examination 1 (P < .001) 
Ckl1parison Examinatioo 10 with Examination 6 (P < .OS) 
carparison Examination 10 (Patients still in Orthod:mtic Bands) 
with oon:esponding Patients in Examination 1 (P < .001) 
*OrthocDntic Bands were Peiroved Prior to Exami.natioo 10 
f 
'TABIE V 
---
EXAM 1 EXAM 6 EXAM lo 
1 2.22 3.21 3.58 
2* 1.60 2.91 3.20 
3 1.81 3.04 4.08 
4 2.14 3.54 4.37 
5* 2.33 3.79 4.50 
6 2.11 3.18 4.60 
7* 2.29 2.83 2.95 
8* 1.62 2.89 3.46 
9 2.36 3.46 4.00 
10* 2.78 4.50 4.21 
11 2.21 3.21 3.33 
12 1.89 3.52 3.40 
13 2.09 3.18 3.30 
14 2.00 2.91 3.20 
15* 1.89 3.21 2.75 
16* 2.00 3.29 3.25 
17* 1.76 3.13 3.17 
18 2.24 3.21 3.63 
20 2.21 3.13 1.44 
21* 1.46 3.39 2.86 
CclTparison Examination 10 with Examination 1 (P < .001) 
Qxlparison Examination 10 with Examination 6 (Not Significant) 
Qxlparison Examination 10 (Patients still in Ort:oodmtic Bands) 
with corresponding Patients in Examination 1 (P < .001) 
*Orthodontic Bands were RetDved Prior to Examination 10 
f 
T.ABIE VI 
MID - FM:IAL SUUlS IEPTH 
SUBJ"Ex=T EXAM 1 EXAM 6 EXAM Io 
1 1.59 2.75 2.79 
2* 1.28 2.48 2.20 
3 1.48 3.21 3.79 
4 1.50 2.46 3.33 
5* 1.67 2.78 3.29 
6 1.79 2.82 3.75 
7* 2.04 1.92 2.50 
8* 1.15 2.25 2.32 
9 1.50 2.38 2.50 
10* 1.93 3.67 3.46 
11 1.61 2.88 2.92 
12 1.39 2.74 2.65 
13 1.57 2.09 2.65 
14 1.60 2.35 2.70 
15* 1.63 2.42 2.13 
16* 1.25 2.50 2.21 
17* 1.33 1.83 2.08 
18 1.54 2.38 2.50 
20 1.88 2.71 2.96 
21* 1.27 2.51 2.46 
CClrparison Examination 10 with Examination 1 (P < .001) 
CClrparison Examination 10 with Examination 6 (P < .05) 
Catt>artson Examination 10 (Patients still in Ort:hoa:Jntic Bands) 
with con:espoming Patients in Examination 1 (P < .001) 
"Orthocbntic Bands were RenDved Prior to Examination 10 
f 
TABLE VII 
DISTAL - F~ smas LEPIB 
Suam:T EXAM l EXAM 6 EXAM lO 
1 2.67 3.29 4.12 
2* 1.56 2.91 3.00 
3 1.76 3.71 4.45 
4 2.41 3.63 4.79 
5* 2.50 2.78 s.oo 
6 1.74 3.18 4.90 
7* 2.50 3.00 2.87 
8* 1.73 2.96 3.57 
9 2.32 3.58 4.08 
10* 2.74 5.13 4.42 
11 2.18 3.67 3.75 
12 1.89 3.26 3.87 
13 2.09 2.95 3.40 
14 1.90 3.09 3.70 
15* 1.90 2.21 2.67 
16* 2.00 3.88 3.04 
17* 1.95 3.17 3.08 
18 1.84 3.33 3.17 
20 2.21 3.38 4.08 
21* 1.50 3.43 3.18 
Cooparison Examination 10 with Exami.natioo 1 (P < .001) 
Ccmparison Examination 10 with Examination 6 (P c .02) 
QJ,1,arison Examinatiai 10 (Patients still in Orthocbntic Bands) 
with oorrespording Patients in Examination 1 (P < .001) 
*Ortlxxxmtic Bands were IEm:>ved Prior to Examination 10 
TABI.E VIII 
St.JR.Jrr EX1\M 1 EX1\M 6 EXAM lO 
1 2.04 3.08 3.54 
2* 1.20 2.70 2.35 
3 1.48 2.92 3.95 
4 2.05 2.92 4.25 
.5* 1.67 3.21 4.04 
6 1.63 3.23 4.35 
7* 1.96 2.71 2.87 
8* 1.31 3.00 3.42 
9 2.39 3.17 3.79 
10* 2.30 4.13 4.21 
11 1.89 3.21 3.67 
12 1.89 3.78 3.65 
13 1.87 3.05 2.90 
14 1.45 2.87 3.55 
15* 1.81 3.25 2.83 
16* 1.71 3.11 2.83 
17* 1.80 3.00 3.25 
18 1.43 2.96 3.33 
20 1.71 2.92 3.17 
21* 1.35 2.96 3.11 
Q:lrparison Examination 10 with Examination 1 (P < .001) 
Q:lrparisoo Examination 10 with Examination 6 (P < .01) 
- Examination 10 (Patients still in Ort:hodaltic Bands) 
with oor.responding Patients in Examinatioo 1 (P < • 001) 
*orthocbntic Bands were 1etDVed Prior to Examinatioo 10 
TABIE IX 
MID - LINGUAL SULCl.5 1.EPIH 
SUBJ.EX:T EXAM 1 EXAM 6 EXAM 10 
1 2.19 3.25 3.20 
2* 1.28 2.52 2.45 
3 .48 2.66 3.20 
4 1.55 2.88 3.54 
5* 1.39 2.46 3.33 
6 1.47 2.82 3.15 
7* 1.71 1.96 2.16 
8* 1.12 2.32 2.96 
9 1.86 2.42 2.66 
10* 2.15 3.67 3.3 8 
11 1.86 3.25 3.42 
12 1.73 3.09 2.65 
13 1.52 2.50 3.05 
14 1.40 2.26 3.05 
15* 1.78 2.67 2.38 
16* 1.07 2.46 2.17 
17* 1.33 1.83 2.21 
18 1.52 1.75 2.67 
20 1.71 2.58 2.67 
21* 1.27 2.32 2.36 
Cooparison Examination 10 with Examination 1 (P < .001) 
Cooparison Examination 10 with Examination 6 (P < . 02) 
Cooparison Examination 10 (Patients still in OrthOOOJ'ltic Bands) 
with cx:,rresponding Patients in Examination 1 (P .r: • 001) 
*OrthOOOJ'ltic Bands were PenDved Prior to Examination 10 
TABIE X 
DISTAL - LnGlAL SUI.a..5 t.m>fti 
suanrr EXAM 1 EXAM 6 EXAM 10 
1 2.67 3.29 3.75 
2* 1.40 3.00 3.10 
3 1.71 3.00 3.79 
4 2.32 3.13 4.37 
5* 2.22 3.75 4.12 
6 1.79 3.32 .85 
7* 2.21 2.71 .oo 
8* 1.46 3.21 3.28 
9 2.50 3.21 2.83 
10* 2.85 4.42 4.50 
11 2.39 4.04 4.08 
12 1.72 3.74 3.35 
13 1.87 2.91 3.10 
14 1.35 2.78 3.20 
15* 2.04 3.13 2.58 
16* 1.79 3.25 2.67 
17* 2.05 2.92 2.83 
18 1.78 3.25 3. 50 
20 1.88 2.13 3.25 
21* 1.38 3.25 2.79 
ca,parison Examination 10 with Exatni.nation 1 (P < .001). 
ca,parlson Examination 10 with Examination 6 (Not significant) 
catparison Examination 10 (Patients still in Orthc:x1ontic Bands) 
with oorresponding Patients in Examination 1 (P < .001) 
*Orthoa:>ntic Bands were IEmJved Prior to Examination 10 
TABIE XI 
EXAM l EXAM 6 EXAM Io 
1 4.22 4.71 4.75 
2* 2.60 3.83 3.65 
3 3.62 4.25 4.17 
4 4.36 4.21 4.46 
5* 4.28 4.29 4.29 
6 3.47 3.59 4.20 
7* 4.25 4.46 4.29 
8* 3.42 3.64 3.11 
9 4.32 4.75 4.38 
10* 4.52 5.29 4.63 
11 3.82 4.71 4. 71 
12 2.77 3.57 3.50 
13 4.04 4.27 4.45 
14 3.19 3.61 3.05 
15* 4.00 4.8'3 4.96 
16* 3.50 4.08 3.63 
17* 3.67 4.17 4.04 
18 2.93 3.83 4.13 
20 3.88 4.22 4.25 
21* 4.23 6.04 5.79 
Q:mparison Examination 10 with Examination 1 (P < .001) 
Q:mparlsat Examination 10 with Examination 6 (Not significant) 
Q:mparison Examination 10 (Patients still in Orthodontic Bands) 
with ex>n:esp:>nding Patie11ts in Examination 1 (P <. .01) 
*Orthodontic Bands were Pamved Prior to Examination 10 
' 
TABIE XII 
EXAM 1 EXAM 6 EXAM 10 
l 8.14 7.00 8.87 
2* 4.42 4.55 . 20 
3 3.63 4.58 4.91 
4 4.83 4.08 5.67 
5* 3.90 4.66 5.00 
6 4.70 4.00 4. 70 
7* 5.67 5.16 5.00 
8* 4.33 3.57 4.79 
9 4.71 4.33 4.75 
10* 5.36 5.25 5.50 
11 5.93 6.17 5.83 
12 3.40 4.75 4.90 
13 5.42 s.oo 8.10 
14 3.20 4.50 s.10 
15* 4.57 5.92 6.83 
16* 5.57 5.42 5.42 
17* 4.70 4.67 5.58 
18 4.36 4.67 5.33 
20 4.08 4.67 4.42 
21* 4.42 6.36 6.36 
Q:mparison Examination 10 with Examination 1 (P < . 001) 
Ccltparison Examination 10 with Examinatioo 6 (P < . 01) 
Cbtparisan Exami.naticm 10 (Patients still in Ort:hodcntic Band.Iii) 
with oonespcnding Patients in Examination 1 (P < .01) 
~tic Bands were RenDved Prior to Exami.natia, 10 
TABLE XIII 
HEIGIT OF GIOOIVA - Btxr.AL 
EXAM 1 EXAM 6 EXAM lO 
1 8.04 5.66 8.13 
2* 6.24 6.00 7.60 
3 6.38 6.25 7.33 
4 7.36 7.17 7.92 
S* 6.67 6.14 7.71 
6 6.05 6.09 6.40 
7* 6.25 5.96 7.29 
8* 6.77 7.43 7.68 
9 6.89 7.33 7.21 
10* 7.78 6.91 7.79 
11 6.57 6.42 7.67 
12 8.86 7.35 9.00 
13 6.65 5.52 7.20 
14 8.10 7.56 8.85 
15* 7.33 5.71 7.54 
16* 7.32 6.83 7.54 
17* 7.90 6.71 8. 7 
18 8.14 7.42 ,8. 46 
20 7.33 6.46 7.63 
21* 7.12 6.18 7.29 
Ccltpariscm Examination 10 with Examination 1 (P < .001) 
Ccltpariscm Examination 10 with Examination 6 (P < .001) 
Ccltparison Examination 10 (Patients still in Ort:hodcmtic Bands) 
with CXll:-re!IDOJrld • Patients in Examinatioo 1 (P < • 001) 
*Orthoa:mtic Bands were RBtDved Prior to Examinatioo 10 
HEICHI' CF GIOOIVA - LINGUAL 
EXAM 1 EXAM6 EXH-110 
1 6.15 6.71 6.92 
2* 5.36 6.57 6.80 
3 5.76 6.08 6.75 
4 6.27 6.17 7.17 
5* 5.67 6.25 7.13 
6 5.79 6.10 6.95 
7* 6.08 6.42 7.42 
8* 5.61 6.29 6.50 
9 6.39 6.63 6.71 
O* 6.67 6.71 7.13 
11 5.18 5.71 6.50 
12 7.22 6.39 8.25 
13 5.26 5.09 5.45 
14 6.85 7.13 8.15 
15* 6.22 5.96 6.63 
16* 6.82 7.13 7.21 
17* 6.81 6.46 7.04 
18 8.00 7.95 8.46 
20 6.45 7.04 7.96 
21* 5.96 5.82 6.68 
Qmparison Examination 10 with Examination 1 (P < • 001) 
Qmparison Examination 10 with Examination 6 (P < .001) 
Qmparison Examination 10 (Patients still in Orthock,ntic Bands) 
with CDI~IDOJX1. Patients in Examination 1 (P < • 001) 
"'Ort:hocbntic Bands were RelrDved Prior to Examination 10 
TABLE YN 
DIFFERENCES BE'IWEEN EXAMINATIOOS 1 AND 10 
PI INFL SULF SULL 
1 
- .86 .68 1.35 1.2 2* 0.33 .63 1.32 1.62 3 
- .24 1.00 2.45 2.1 
4 .so .20 2.24 2.08 
5* .53 .44 2.07 2.09 6 .51 .59 2.57 2.15 
7* - .29 .62 .51 .74 8* .26 .49 1.46 1.96 9 .12 .34 1.43 l 13 10* .19 
- .19 1.61 1.60 
11 .23 
- .02 1.38 1.66 12 .94 .09 1.50 1.44 13 .61 .74 1.21 1.27 14 .90 .85 1.37 1.86 15* 
- • 34 .84 .68 .71 16* .20 1.04 1.21 1.04 
17* 
- • 61 - .13 1.07 1 01 18 .51 .57 .97 1.53 20 .91 .79 1.64 1.24 21* .03 0 1.42 1.36 
*Orthodontic Bands w-ere Renoved Prior to Examination 10. 
71 
TABLE XVI 
DIFFERENCES BE'IWEEN EXAMINATICNS l AND 10 
SUBJECT AGIF AGIL HI1'B HITL 
1 .53 .53 .90 .77 
2* 1.05 .78 1.36 1.44 
3 .55 1.28 .95 .99 
4 .10 .84 .56 .90 
5* .10 1.10 1.04 1.46 
6 .73 0.00 .35 1.16 
7* • 04 - .67 1.04 1.34 
8* - .31 .46 .91 .89 
9 .06 .04 .32 .32 
10* .11 .14 .01 .46 
11 .89 - .10 1.10 1.32 
12 .73 1.5 .94 1.03 
13 .41 .68 .55 .19 
14 - .14 1.90 .75 1.30 
15* .96 2.26 .21 .41 
16* .13 - .15 .22 .39 
17* • 37 .88 .27 .23 
18 1.20 .97 .32 .46 
20 .37 .34 .30 1.51 
21* 1.94 .17 .72 
""Orthodontic Bands were Raroved Prior to Examination 10 
VARIABLE 
AGIF 
HITB 
HITL 
SULF 
SOLL 
. TABLE XVII 
~I'IUDE OF 'lHE EF'F'IDr 
DIF'FEREOCE BfilWEEN EXAMINATIONS 10 and 1 
MEDIAN 
(Exam 10 - Exam 1) 
O. 39 nm 
0.45 rrm 
0.895 nm 
1.40 nm 
1. 49 mn 
EXTRFl-tES 
(Mini.nun am max.irrun values of the differences) 
-0.31 rrm to 1.56 nm 
0.01 nm to 1.36 nm 
0.19 rrm to 1.51 nm 
.51 nm to 2.57 nm 
• 71 nm to 2.15 nm 
PI 
!NFL 
AGIF 
AGIL 
Iil'l'B 
HITL 
SULF 
SULL 
TABLE XVIII 
CDRREIATIOOS ~ 'lHE DIFFERENCES FR:M EXAMINATIONS 10 AND 1 
PI !NFL 
1.0 .21 
1.0 
AGIF AGIL 
-.095 .085 
-.077 .157 
1.0 .379 
1.0 
*P <. 05 
*1rI>< .02 
***P< .01 
****P< .001 
lil'l'B HITL 
.030 .360 
.245 .177 
-.081 
-.044 
-.071 
-.082 
1.0 .655*** 
1.0 
SUIF 
.298 
-.022 
-.102 
.007 
.068 
.315 
1.0 
SULL 
.438* 
-.074 
-.1 25 
.099 
.310 
.430* 
.830**** 
1.0 
...J 
w 
TABIE XIX 
AKXN1' OF >C'l'tlAL Nrl'AalED Gig;IVA 00 'l1fE FACIAL* 
(CIJt1PARIS01 OF EXAMINATICE 1 WI'IH 10) 
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rnM I EXAM 10 EX1\M 10 - EX1\M 1 
1 2.63 1.96 -0.67 
2* 1.32 1.45 0.13 
3 2.14 0.38 -1.76 
4 2 .• 86 1.13 -1.73 
5* 2.61 1.00 -1.61 
6 1.68 0.45 -1.23 
7* 2.21 1.79 -0.42 
8* 2.27 0.79 -1.48 
9 2.82 1.88 -0.94 
10* 2.59 1.17 -1.42 
11 2.21 1.79 -0.42 
12 1.38 0.85 -0.53 
13 2.47 1.80 -0.67 
14 1.59 0.35 -1.24 
15* 2.37 2.83 0.46 
16* 2.25 1.42 -0.83 
17* 2.34 1.96 -0.38 
18 1.39 1.63 0.24 
20 2.00 1.29 -0.71 
21* 2.96 3.33 0.37 
P < .001 
*Actual Attached Gingiva = AGIF minus mid-facial sulcus depth 
, as neasured in the examinations 
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TABLE XX 
EXAM 1 EXAM 10 EXAM Io - EXAM 1
1 4.55 3.88 -0.67 
2* 3.14 3.00 -0.14 
3 2.15 1.12 -1.03 
4 3.33 2.34 -0.99 
5* 2.23 1.71 -0.52 
6 2.91 0.95 -1.96 
7* 3.63 2.50 -1.13 
8* 3.18 2.47 -0.71 
9 3.21 2.25 -0.96 
10* 3.43 2.04 -1.39 
11 4.32 2.91 -1.41 
12 2.01 2.25 0.24 
13 3.85 3.45 -0.40 
14 l.60 2.40 0.80 
15* 2.94 4.70 1.76 
16* 4.32 3.21 -1.11 
17* 3.37 3.50 0.13 
18 2.82 2.83 0.01 
20 2.20 1.46 -0.74 
21* 3.15 3.90 0.75 
P < .OS 
*1CI'UAL M91.'.ACHED GINGIVA =-AGII, minus mid-lingual sulcus depth 
as neasured in the examinations 
MESIAir-
s~ FACIAL 
1 1.36 
2* 1.60 
3 2.27 
4 2.23 
5* 2.17 
6 2.49 
7* 0.66 
8* 1.84 
9 1.64 
10* 1.43 
11 1.12 
12 1.51 
13 1.21 
14 1.20 
15* 0.86 
16* 1.25 
17* 1.41 
18 1.39 
20 -0.77 
21* 1.40 
TABLE XXI 
SUICUS DE?rH D~ BE:'1WEEN 
EXAMINATIONS 1 AND 10 
MID- DISTAL- MESIAir- MID-
FACIAL FACIAL LINGUAL LINGUAL 
1.20 1.45 1.50 1.01 
0.92 1.44 1.15 1.17 
2.31 2.69 2.47 1.72 
1.83 2.38 2.20 1.99 
1.62 2.50 2.37 1.94 
1.96 3.16 2.72 1.68 
0.46 0.37 0.91 0.45 
1.17 1.84 2.11 1.84 
1.00 1.76 1.40 0.80 
1.53 1.68 1.91 1.23 
1.31 1.57 1.78 1.56 
1.26 1.78 1.76 0.92 
1.08 1.31 1.03 1.53 
1.10 1.80 2.10 1.65 
a.so 0.71 1.02 0.60 
0.96 1.04 1.12 1.10 
0.75 1.13 1.39 0.88 
0.96 1.33 1.90 1.15 
1.08 1.87 1.46 0.96 
1.19 1.68 1.76 1.09 
DISTAL-
LilGJAL 
1.08 
1.70 
2.08 
2.05 
1.90 
2.06 
0.79 
1.82 
0.33 
1.65 
1.69 
1.63 
1.23 
1.85 
0.54 
0.88 
0.78 
1.72 
1.37 
1.41 
O:rnparison Distal-Facial vs. Mid-Facial and Mid-Lingual 
(P < .01) 
O:rnparison Distal-Lingual vs. Mid-Facial and Mid-Lingual 
(lt>t Significant) 
O:rnparison Mesial-Facial vs. Mid-Facial and Mid-Lingual 
(N:>t Significant) 
O:rnparison Mesial-Lingual vs. Mid-Facial and Mid-Lingual 
(P < .01) 
O:rnparison Mesial-Facial vs. Distal-Facial and Distal-Lingual 
(lt>t Significant) 
O:rnparison Mesial-Llngual vs. Distal-Facial and. Distal-Lingual 
(N:>t Significant) 
*Orthcxiontic Bands were Ra'roVed Prior to Exam 10 
TABLE XXII 
R0:111 RESORPTIOO (RRSP) 
'IOOrH 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
0 13 17 16 3 13 6 10 8 7 13 4 14 18 13 
1 
2 - -- - -- ---- - --- - - - -- --- - - - --- 1 
3 2 
11-: 
. 1 1 
6 3 4 5 14 10 12 12 . 6 1 4 2 
'IOOrH 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
0 13 15 18 4 17 9 11 12 10 17 5 16 13 13 
1 1 
2 
- - - ------- l 
~ I 3 ~ 4 
5 
- - ---· --- -
6 5 1 3 11 9 7 10 3 3--- 7 
...J 
...J 
TABLE XXIII 
CRFSTAL IDRPHO.IffiY (M:>RF) 
'IDJI'H 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 6 7 6 1 3 1 1 1 6 11 -2 
• 
~, 
2 4 6 10 1 10 14 10 10 16 12 2 8 8 6 
- -- - -~ 3 1 4 2 1 2 1 1 1 
- ---- -4 2 3 2 2 7 5 10 10 3 5 5 5 
'IDJI'H 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
1 3 7 8 1 2 1 1 1 1 4 4 10 
~1 2 10 7 7 2 13 15 13 13 14 14 3 10 12 2 3 2 
-----4 4 5 1 5 4 6 6 5 6 1 6 3 1 
1nm IDSS (TYPE) - BLT 
1nm I.DSS (S~TY) - BISM 
1.'00I'H 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
0 9 12 11 4 14 13 7 7 14 1.3 4 16 16 8 
;; 1 1 4 1 2 4 4 4 4 2 2 2 ---2 3 3 6 4 2 6 6 1 5 4 -2 3 
3 1 2 1 3 3 1 
1.'00I'H 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
0 9 16 15 4 15 12 11 12 12 lo 4 -13 12 11 
~, 
1 2 2 2 2 6 3 3 4 2 3 4 ~ 
2 1 1 3 2 2 4 4 4 2 3 4 
3 1 1 1 2 -1 1 1 
1.'00I'H 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
0 9 11 12 4 17 15 5 5 16 14 4 15 16 11 
~,~ 3 9 7 3 5 11 11 3 5 3 3 2 1 1 3 3 1 2 -1 
1 --1 1 
'ItXJI'I-I 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
0 10 16 13 4 15 12 13 14 13 17 4 15 12 11 
...J 
~,-1 3 3 7 5 8 7 6 7 3 5 6 1 \0 1 1 
3 
2 
'lOJrH 2 3 4 5 6 
~~ 1 13 19 20 4 20 2 1 
'lOJrH 18 19 20 21 22 
I 13 19 20 ~~ 4 20 2 1 
'lOJrH 2 3 4 5 6 
;~ 1 12 18 18 4 20 2 1 2 2 
'IOJrH . 18 19 20 21 22 
1 13 19 ;~ 20 4 19 2 1 1 
TABIE XXV 
~CN {FURC) 
RCXJI' PROXIMITY (PROX) 
7 8 9 10 
2-0 20 20 20 
23 24 25 26 
20 20 20 .20 
7 8 9 10 
15 20 19 18 
5 1 2 
23 24 25 26 
18 20 20 18 
1 1 
11 
20 
27 
20 
11 
19 
1 
27 
20 
-
12 13 
4 20 
28 29 
4 20 
12 13 
4 20 
28 29 
4 20 
14 
19 
1 
30 
19 
1 
14 
19 
I 
30 
19 
1 
15 
13 
31 
13 
15 
13 
1 
31 
13 co 
0 
• 
TABLE XXVI 
DENSITY OF lliTERRADiaJIAR OONE (DENS) 
'IOOrH 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 11 
~1 
16 13 4 16 18 13 13 17 15 3 18 20 12 2 ~l 3 5 2 2 5 5 2 3 1 1 
3 1 1 2 2 2 2 1 2 1 
'IOOrH 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
1 9 
;j 16 17 4 20 19 17 17 18 17 4 18 14 8 2 2 j 1 1 2 2 1 3 2 6 b 
3 2 I 2 1 1 
Figure 1) Patient #5-pre-orthodontic therapy d nstrating rni.nimal 
marginal inflanmation. 
Figure 2) Patient #5 durin g orthodontic treatl~L .... , ,. ... 
pl que accumulation, rroderate to severe marginal inflarm1ation 
and papillary inlargerrent. 
Figure 3) Patient #5 after orthodontic band rer coval d.c.a.LLJ 
marginal inflanmation 
ting 

Figure 4) Patient# 21-pre-orthodontic therapy de:ronstrating slight 
marginal inflanrration. 
Figure 5) Patient #21 during orthodontic treatnent showing extensive 
plaque accumulation, m:>derate to severe narginal inflanmation 
and papillary enlargement. 
Figure 6) Patient #21 after orthodontic band rerroval deronstrating 
marginal inflamnation. 
flarrmation 
Figure 7) Patient #3-pre-orthodontic treatnent sh:Jwing slight marginal 
inflamnation and slight papillary enlargetent. 
Figure 8) Patient #3 during orthodontic therapy stx,wing extensive plaqu e 
accumulation, generalized noderate to severe marginal inflam-
mation, papillary enlargetent and muex>g:ingival problans on the 
facial of teeth #'s 24 and 25. 
Figure 9) Patient #10-post ort:b:x:lontic therapy slxMing a mucogingival 
problem on the facial of tooth #22. 

Figure 10) Patient #12-pre-orthodontic therapy showing lack of 
muoogingival problen on the facial of tooth #27. 
Figure 11) Patient #12 during orthodontic therapy st¥JWing a diminished 
anount of keratinized gingiva with a mucogingival problen 
on the facial of tooth #27. 

Figure 12) Patient #15-pre--orthodontic therapy daronstrating absence 
of mucogingival problan on the facial of teeth #'s 24 and 25. 
Figure 13) Patient #15 during ortoodontic therapy sho;,.tlng the devel0ptent 
of a mucogingival problem on the facial of teeth #'s 24 and 25. 
Figure 14) Patient #15 after ortoodontic therapy showing the lack 
of attached gingiva on the facial of teeth #'s 24 and 25 
and associated mucogingival problans. 
absence 
s 24 and 25. 
e develoµtent 
#'s 24 and 25. 
24 and 25 
Figure 15) Patient #2-pre-orthodontic treat:rrent deronstrating possible 
mucogingival problems on the facial of teeth #'s 24 and 25. 
Figure 16) Pa:tient #2 during orthodontic treatnent sh:Jwing a 1TIUcogingival 
problE!ll on the facial surface of teeth #'s 24 and 25. 
Figure 17) Patient #2 during orthodontic treatrcent derconstrating a 
mucogingival problem on the facial of tooth #27. 
and 25. 
mucogingival 
25. 
Figure 18) Patient #3-pre-orth:xiontic treatnent srx:,wing absence of 
mucogingival p:roblans on the facial of tooth #22. 
Figure 19) Patient #3 during orthJdontic treatnent deconstrating the 
presence of a mucogingival problem on the facial of tooth #22. 
Figure 20) Patient #6 during orthodontic treatnent de10nstrating a facial 
cleft on tooth #7. The probe denonstrates the apical extent 
of the cleft. 

Figure 21) Patient #15 during ortlxxiontic therapy. Notice the absence 
of clefting on the facial of tooth #5. 
Figure 22) Patient #15 after orthodontic band removal. Notice the 
presence of facial clefting on tooth #5. 
Figure 23) Patient #6 during ortlxxiontic treatment sh:Jwirg the enlarge-
ment of the interdental papillae. 
ice the absence 
Notice the 
the enlarge-
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Figure 24) Patient #2 during ortmdontic treatment showing the absence 
of bunching on the nesial of tooth #20. 
Figure 25) Patient #2 during orth:x:iontic treatment daronstrating the 
developrent of bunching on the nesial of tooth #20. 
Figure 26) Patient #2-i;x:>st-orthodontic treatment shc::Ming the bunching 
present on the nesial of tooth #20. 
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Figure 27) Patient #12 during orthodontic therapy. Note the position 
of the labial frenum in relationship to tooth #11. 
Figure 28) Patient #12-progression of orthodontic t:1'£rapy. ~te the 
position of the labial frenurn in relationship to tooth #11. 
Figure 29) Patient #12 during the progression of orthodontic therapy. 
Note the gingival cleft on the distal-facial of tooth #11 and 
the position of the labial frenum. 
position 
Note the 
tooth #11. 
tic therapy. 
f tooth #11 and 
101 
Figure 30) Patient #8 inmadiately after orthodontic therapy. N:>tice 
the absence of clefting associated with the lingual surface 
of teeth #'s 24 and 25. 
Figure 31) Patient #8-ill-f"tting mandibular renovable retainP.r in 
nouth 
Figure 32) Patient #8-gingival clefting resulting £ran the ill-fitting 
orthodontic retainer. 
103 
• l..Il 
-fitting 
Figur e 33) Patient #8 after periodontal treatment of the gin]ival cleft, 
restorin] a nonna.l gin]ival architecture. 
Figur e 34) Patient #6-pre-orthodontic radiography showin] eruptin] 
preoolar. 
Figure 35) Patient #6 durin] orthcx:lontic treatment. lt:>te the abseoce 
of a rresial defect on the mandib.llar right first nolar. 
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Figure 36) Patient #6 durinJ orthodontic therapy. This radio:Jraph 
danonstrates a mesial osseous defect on tcx>th #30, root 
proximity problan between teeth #'s 29 and 30, am root 
resorption on the distal of tooth #29 and on the rnesial 
of tooth #30. 
Figure 37) Patient #18-pre-orthcdontic radiograph. -te the p:>sition 
of teeth #'s 29 and 30. 
Figure 38) Patient #18 during orthcx:lontic treatment. N:>te the position 
of teeth #'s 29 and. 30. 
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Figure 39) Patient #18 during ort:hocl.ontic treatnen • This radiograph 
derronstrates a rresial osseous defect on tooth 30, with a 
root proximity problem bebNeen teeth #'s 29 and 30. 
Figure 40) atient #18-clinical picture of the probable defect on 
rresia of tooth #30. 
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